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CHAPTER I. INTRODUCTION 
The Problem 
Livestock farming plays an Important role In our agricultural 
economy. The function of livestock is to convert feed and wastes into 
food, more completely use resources, convert expensive to transport 
feeds Into relatively inexpensive to transport livestock products and 
generate more income (Herbst, 1976). By converting feed and wastes in­
to food livestock utilize products that either cannot or will not be 
eaten by humans and satisfy demands for the highly palatable and nutri­
tious product of meat. By using roughage grown on land that cannot be 
used for grains, by using seasonally idle labor and by using farm 
buildings and structures not suitable for other purposes livestock pro­
vide a farmer with the opportunity to more fully utilize all available 
resources. By converting bulky feeds such as hay into a more concen­
trated form, livestock provide the farmer with a less expensive product 
to transport. Finally, the Income of the economy as a whole will in­
crease because previously unused or underused resources are more com­
pletely employed. 
While performing an important function, livestock producers in the 
last several years have contended with a variety of problems. Some of 
these problems include: 
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1.) fluctuating feed prices; 
2.) Increased consumer awareness and concern about nutrition 
and diet Issues; 
3.) negative publicity concerning fat and cholesterol levels 
correlated with heart disease ; and 
4.) continued structural change. 
One result of these problems is decreased domestic consumption of red 
meat. For example, between 1951 and 1970 consumption of red meats— 
beef, veal, pork and sheep and lamb, increased in all twenty years ex­
cept three—1957, 1958 and 1965 but in the ten years between 1971 and 
1980, red meat consumption declined six separate years—1972, 1973, 
1975, 1977, 1978 and 1979 (Table 1). This has caused concern amongst 
livestock producers and the organizations that represent them. 
At the same time that domestic red meat consumption has been weak, 
com and oilmeal exports have increased dramatically and red meat ex­
ports have been considerably less than imports (Table 2). Corn and 
soybeans are primarily used to feed livestock. Thus, at the same time 
that domestic red meat producers have been hurt by weak demand, corn 
and soybean exports have increased substantially for the basic purpose 
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Table 1. Total meat and red meat consumption, 1951 -1980*'*) 
Year 
Total Red 
meat meat 
(billion pounds) Year 
Total Red 
meat meat 
(billion pounds) 
1951 25.0 20.8 1966 42.9 34.5 
1952 26.8 22.4 1967 45.1 36.4 
1953 28.7 24.2 1968 46.3 37.6 
1954 29.3 24.6 1969 46.9 37.6 
1955 30.7 26.4 1970 48.6 38.8 
1956 32.5 27.6 1971 50.4 40.4 
1957 32.0 26.7 1972 50.3 39.8 
1958 31.8 25.9 1973 47.3 37.0 
1959 33.9 27.8 1974 50.4 39.9 
1960 34.7 28.6 1975 48.9 38.6 
1961 35.9 29.0 1976 52.7 41.5 
1962 36.7 29.9 1977 53.1 41.4 
1963 38.6 31.6 1978 52.6 40.3 
1964 40.3 33.1 1979 53.1 39.7 
1965 39.8 32.0 1980 54.3 40.6 
^Source: USDA, 1981. 
^Red meat consists of beef, veal, sheep, lamb and pork, while 
total meat consists of red meat and broilers, chickens and turkeys. 
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Table 2. Net exports of corn, soybeans and meat* 
Year 
Corn Soybeans 
(million bushels) 
Meatb 
(thousand metric tons) 
1970 517 434 -668 
1971 796 417 -619 
1972 1,258 479 -714 
1973 1,243 539 -642 
1974 1,149 421 -524 
1975 1,711 555 -511 
1976 1,684 564 -483 
1977 1.948 700 -434 
1978 2,133 753 -581 
1979 2,433 874 -652 
1980 2,550 723 -572 
^Source: USDA (1981). 
^Meat includes fresh, frozen and processed beef, veal, lamb, 
mutton, goat and pork. 
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of satisfying rising foreign meat demand. If more com and soybeans 
were processed domestically into meat, then livestock farmers and agri­
culture as a whole might benefit. In an effort to adjust meat produc­
tion in order to match current consumer preferences and also to utilize 
more of the feed grain and soybean production domestically, three pro­
posals have been suggested for analysis. 
One proposal is to substitute meat exports for feed grain and soy­
bean exports. This proposal would increase the value added portion of 
our agricultural exports, potentially increasing the economies income 
level. Employment might also be expected to increase, both on and off 
farm, as livestock input suppliers and output processors Increase their 
business activity due to increased livestock production and as existing 
livestock farmers expand their operations and new entrants begin live­
stock farming because of the existence of economic profits generated by 
increased meat export demands. 
Schluter and Clayton (1981, 1982) measure the value to the manu­
facturing, household and government sectors of the economy from export­
ing agricultural products with more value added than the raw material 
agricultural goods currently exported. They develop and use an input 
output model that generates a multiplier that captures the net effect 
on the econoiny of adding value in the form of various types of process­
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ing to raw agricultural commodity exports. By exporting processed com­
modities instead of their bulky agricultural components our economy is 
provided with an export market for the domestic goods and services re­
quired to assemble, process and distribute the commodités (Schluter and 
Clayton, 1981). Schluter and Clayton conclude that large economic and 
employment advantages as well as fiscal benefits to the federal govern­
ment could result from a greater proportion of processed products in 
the mix of U.S. agricultural exports. 
Several trade barriers currently exist that would limit increased 
processed agricultural product exports. The reasons for these barriers 
are many and varied. Interest in quality, preference for a local prod­
uct, lack of refrigerated storage and transportation services, prefer­
ence for fresh rather than frozen meats, desire to support the domestic 
livestock industry and domestic food security considerations all play 
an important part in the erection of trade barriers against meat im­
ports (Longmire, 1982). However, Longmire points out that even though 
the United States has a comparative advantage in the production of feed 
grains and an absolute advantage in the feeding of livestock because of 
high feed conversion efficiencies, a comparative advantage in livestock 
feeding and processing for export is not as clearly apparent. 
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The United States also has trade barriers against meat Imports. 
The Meat Import Act of 1979 allows varying levels of meat imports 
depending on the moving average level of domestic cow production (U.S. 
Congress, 1979). These meat imports are usually converted into 
hamburger and processed meat products. 
A second proposal is to increase roughage-fed beef production. 
The reasoning behind this proposal is three-fold: 
1.) produce an animal with less fat and thus at less cost 
so that beef prices might be more competitive with pork 
and poultry prices; 
2.) since the beef would contain less fat, health concerns 
about beef consumption would be diminished ; and 
3.) reduce row-crop production of feed grains and soybeans 
in favor of soil saving crops such as pasture and hay. 
If this policy were to be implemented, a change in the beef grading 
system would need to occur for there to be incentive to produce a 
leaner animal. If the grading system would remain unchanged then this 
policy proposal may actually be detrimental to beef farmers (Brokken et 
al., 1980). 
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A third proposal is the production of lighter weight beef animals. 
The argument is that the current grading system forces farmers to place 
unneeded extra fat onto beef animals in order to attain the highest 
levels of grading and thus the highest prices for their product. But 
this extra fat is a waste of resources since consumer preferences are 
changing towards leaner meats in part due to health concerns. Less 
marbling would occur, i.e., a leaner carcass is produced, if an animal 
were slaughtered at lower weights and consumer desires might be more 
closely met leading to increased demand. However, Vocke and Heady 
(1978) conclude that lowered marketing weights would increase feed 
costs for the beef industry since a larger cow herd is required to 
produce the additional feeder animals needed to satisfy beef demands. 
These proposals have been suggested as a means of improving 
economic conditions for the feed-livestock industry and as policy 
alternatives which the analysis of might prove useful to the 
agricultural community. Most of the proposals target help for the beef 
industry. This is true because more beef is consumed than any other 
meat in the United States, beef production uses more feed grains and 
roughage than the production of any other meat (Allen, 1980), and beef 
production, either cattle raising or cattle feeding, occurs in all 
regions of the country. 
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Objectives 
The general objective of this study is to investigate the impacts 
of several livestock oriented policies. Specifically, the following 
policies will be analyzed: 
1.) increased exports of meat (beef, pork and broilers) 
as a substitute for feed grain and soybean exports; 
2.) increased production of roughage-fed beef relative to grain-
fed beef ; 
3.) increased imports of roughage-fed beef ; and 
4.) lowered marketing weights for beef. 
These policies will be analyzed in terms of their regional and national 
impact on crop and livestock prices, production, income, production 
costs and on and off farm agricultural employment. 
Plan of Study 
The organization of this study is to present in the Introduction a 
description of the problem to be analyzed, other attempts at similar 
livestock policy analysis and the study objectives. Chapter II con­
tains a discussion of past and present characteristics of the feed-
livestock economy and the changes that have subsequently led to the 
need for policy analysis of the sort carried out in this dissertation. 
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Chapter III discusses the method of analysis, the structure of the 
model used In the analysis and some of the model's data coefficients. 
After the model is presented, Chapter IV reports the results from the 
policies analyzed. Finally, Chapter V presents a summary and conclu­
sions . 
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CHAPTER II. LIVESTOCK AGRICULTURE 
Livestock agriculture has always been an important component of 
the agricultural economy. In 1910, 6.5 billion hours of on-farm labor 
were devoted to livestock husbandry while in 1978, 1.4 billion hours 
were devoted to livestock rearing. As a percent of total on-farm labor 
use, livestock accounted for 29 percent in 1910 and 32 percent in 1978 
(USDA, BSCS, 1980). In 1910, livestock farming generated $2.9 billion 
of gross income and $67.4 billion in 1980. As a percent of total gross 
farm income livestock accounted for 49.7 percent in 1910 and 49.4 per­
cent in 1980 (USDA, 1981; USDA, ESCS, 1978). Thus, even though live­
stock production accounted for less than one-third of the on-farm labor 
force it produced nearly one-half of on-farm gross income. 
This chapter discusses some current characteristics of and changes 
that have occurred in domestic livestock production. Specifically, the 
beef, pork, dairy and poultry sectors will be discussed. 
Beef 
The production of beef has been an important domestic agricultural 
enterprise. Not only has beef grown to be the preferred meat of con­
sumers, but it also is a major user of roughage, feed grains and oil-
meals. Per capita beef consumption rose from 72.3 pounds in 1900 to 
105.2 pounds in 1980 (Table 3). 
In terms of feed consumption, beef accounted for 4 percent of con­
centrate consumption in 1910 and 25.2 percent in 1979 (Table 3). It 
12 
also accounted for 17.6 percent of roughage consumption in 1910 and 
75.2 percent in 1979 (Table 3). 
Table 3. Beef per capita consumption,& and concentrate and roughage 
conusmption® 
Per Share of Share of 
capita total concentrate total roughage 
consumption consumption^ consumption® 
Year (pounds) (percent) (percent) 
1900 72.3 —« •• 
1905 77.9 ——— —— 
1910 77.6 4.0 16.5 
1915 62.3 5.5 20.8 
1920 67.1 5.4 20.2 
1925 68.1 5.8 16.9 
1930 55.3 5.7 17.3 
1935 61.7 6.6 18.9 
1940 62.3 8.3 20.2 
1945 71.3 8.9 25.2 
1950 71.4 11.2 29.8 
1955 91.4 13.8 36.9 
1960 91.2 15.0 49.5 
1965 104.7 20.8 58.9 
1970 116.5 28.4 67.7 
1975 122.9 27.7 80.3 
1979 105.2 25.2 75.2 
^Source: USDA, AMS, 1958; USDA, 1981. 
^Source: Allen, 1980; Jennings, 1958; USDA, ERS, 1975. 
^Concentrates Include corn, barley, oats, sorghum and oilmeals. 
^Roughages include hay, silage and pasture. 
There are two independent enterprises associated with beef produc­
tion; one is cattle raising and the other is cattle feeding. 
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Cattle raising 
Cattle raising enterprises are generally structured as one of the 
following: cow-calf, cow-yearling, cow-calf-yearling or a stocker pro­
gram. A cow-calf program raises beef animals to between 400 and 500 
pounds. This method of cattle raising is preferable when roughage is 
in short supply. A cow-yearling program raises animals to about a year 
of age at which time they weigh between 500 and 600 pounds. Because 
the animals remain on the farm a longer period of time additional 
roughage and other feed is needed, thus this program requires larger 
feed and land resources. A cow-calf-yearling program produces both 
calves and yearlings with the ratio of calf and yearling production 
varying from year to year depending on roughage supplies and feed grain 
prices. Finally, the stocker program purchases calves and grazes them 
on pasture for several months until the animal reaches an approximate 
weight of 700 pounds. At that time, the animals are normally sold to a 
feedlot. 
Regional differences in cattle raising are also apparent.! 
Since roughage is of such importance to cattle raisers any regional ad­
vantage in roughage production Influences regional cattle raising. The 
Southeast, because of higher average precipitation levels, and a longer 
growing season is better able to produce forage. For this reason, the 
^The regions referred to in the following paragraphs are pre­
sented in Figure 1. 
Pacific 
Mountain 
Northern 
Plains 
Southwest 
Figure 1. The meat producing regions 
Northeast 
Corn Belt and 
Lake States 
Southeast 
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Southeast is an increasingly important cattle raising region. According 
to Martin (1979), the Southeast is the most important cattle raising re­
gion in terms of beef cows and all cows and has also led all other re­
gions in increasing production of cattle since 1950 (Table 4). On the 
other hand, the Northeast region is the least important cattle raising 
region. Beef cow numbers increased substantially between 1950 and 1980 
in the Northeast only to be more than offset by a large decrease in milk 
cows (Table 4). 
Between 1950 and 1980, the Corn Belt and Lake States region in­
creased beef cow numbers by more than two-fold, while milk cow numbers 
decreased by an even greater amount (Table 4). The final result is a 6 
percent decrease in cow numbers in this region. 
In the Northern Plains, a similar increase in beef cow numbers and 
decrease in milk cow numbers occurred between 1950 and 1980, but the 
Northern Plains showed a net increase in cow numbers (Table 4). This 
region has traditionally been a residual producer of feed grains. Dur­
ing the majority of the 1950 to 1980 period, production control and con­
servation reserve programs were in effect, thus cropland was released 
from production most years and cattle raising filled in the void. 
The Southwest also showed a net increase in cow numbers in Table 4. 
Most of the expansion in beef cow numbers occurred in the eastern part 
of this region which is very similar, climatically, to the Southeast re­
gion. Less expansion occurred in the more arid central and western 
parts of this region. 
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Table 4. Changes In cattle raising by region® 
Region Beef cows Milk cows All cows 
Southeast 
1950 
1980 
Percent change 
Southwest 
1950 
1980 
Percent change 
Northern Plains 
1950 
1980 
Percent change 
Corn Belt and Lake States 
1950 
1980 
Percent change 
Mountain 
1950 
1980 
Percent change 
Pacific 
1950 
1980 
Percent change 
Northeast 
1950 
1980 
2.8 
9.1 
224 
5.1 
8.6 
70 
3.1 
6.2 
97 
2.1 
6 . 6  
218 
2.5 
4.2 
69 
1.1 
1.9 
74 
.08 
.4 
(million head) 
4.8 
1.5 
—68 
1.8 
.5 
-71 
1.9 
.5 
-74 
9.7 
4.5 
-54 
.7 
.4 
-49 
1.4 
1.2 
- . 1  
3.6 
2 . 2  
7.6 
10.6 
40 
6.9 
9.2 
33 
5.0 
6 .6  
32 
11.8 
11.1 
-6 
3.2 
4.5 
42 
2.5 
3.1 
25 
3.6 
2.6 
Percent change 459 -39 -29 
^Source: Martin, 1979. 
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The Mountain region also had an Increase In beef cow and all cow 
numbers (Table 4). A decrease of nearly 50 percent in milk cow numbers 
limited the increase in all cows to 42 percent. Increased irrigated 
forage production and supplementary cow-calf operations have resulted 
in more cattle raising for this region. Federal lands are an important 
source of roughage in this region. Grazing is allowed by permit from 
the Bureau of Land Management or the U.S. Forest Service. 
The final cattle raising region of interest is the Pacific. This 
region also had an increase in beef cow and all cow numbers and a de­
crease in milk cow numbers (Table 4). The Pacific is a minor producer 
of beef cows with only the Northeast producing fewer. 
Cattle feeding 
Cattle feeding is the other beef production enterprise. Cattle 
feeding is generally a separate and independent enterprise from that of 
cattle raising. There are two basic feeding enterprises; one is the 
farmer feedlot and the other is the commercial feedlot. Farmer feed-
lots have a one-time capacity of less than 1000 head and commercial 
feedlots have a one-time capacity greater than 1000 head. 
More and more cattle are being fed in commercial feedlots and 
fewer are being fed in farmer feedlots. According to Martin (1979), in 
1962 almost 64 percent of marketed fat cattle came out of farmer feed-
lots while in 1977 only 32 percent did. In addition, in 1964 there 
were 223 thousand farmer feedlots producing 11 million head of cattle 
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while 1,668 commercial feedlots produced 7 million head. By 1977, 
farmer feedlots decreased in number to 130 thousand with a total pro­
duction of nearly 8 million head while commercial feedlots increased 
slightly in number to 1,880 but produced nearly 17 million head of cat­
tle. Thus, in 1977 farmer feedlots produced 29 percent fewer cattle 
than in 1962 while commercial feedlots produced 140 percent more cat­
tle. At the same time, fed cattle marketings rose from 18 million head 
in 1964 to almost 25 million head in 1977. Thus, as fed cattle produc­
tion increased 37 percent, farmer feedlot production declined 29 per­
cent . 
The large commercial feedlots have been the recipients of market 
concentration within the cattle feeding industry. According to Gee et 
al. (1979) "only 1 to 2 percent of the feedlots in the 23 largest pro­
ducing states have capacities of 1,000 head or more, yet these busines­
ses marketed 68 percent of the total 1977 fed-beef production," These 
23 states are the major cattle feeding states, accounting for 95 per­
cent of U.S. fed cattle numbers. 
In 1975, 75 percent of commercial feedlot businesses were organ­
ized as either single ownerships or corporations while partnerships and 
other forms of ownership comprise the other 25 percent (Gee et al., 
1979). As the size of commercial feedlots increases, corporate owner­
ship occurs more frequently. For example, in 1975, 28 percent of feed-
lots with a one-time capacity of 1,000 to 1,999 head were structured as 
19 
corporations while 75 percent of feedlots with a one-time capacity of 32 
thousand head and over were structured as corporations. 
As a method of reducing risk, custom feeding in comerclal feedlots 
is fairly common. As the size of commercial feedlots Increases, custom 
feeding also increases. In 1975, 5 percent of feedlots with a one-time 
capacity of 1,000 to 1,999 head custom fed cattle, while 75 percent of 
feedlots with a one-time capacity of 32 thousand or more custom fed 
(Gee et al., 1979). 
Most feed used in commercial feedlots is purchased, with roughages 
being bought in the immediate area to minimize transportation costs. 
Farmer feedlots have a different ownership pattern than commercial 
feedlots. Most farmer feedlots ara individually owned. In 1975, 77 
percent of farmer feedlots were structured under single ownership, 19 
percent were partnerships and 4 percent were structured under other 
forms of ownership (Gee et al., 1979). As with commercial feedlots, the 
size of the operation had an influence on the type of ownership. In 
farmer feedlots with a one-time capacity of less than 100 head, 81 per­
cent had single owners and 19 percent were partnerships. However, in 
farmer feedlots with a one-time capacity of 500 to 999 head, only 44 
percent were individually owned, while 56 percent were partnerships (Gee 
et al., 1979). As size of operation increased the general business 
organization trend is from single owner to partnership to corporation. 
Unlike commercial feedlots, farmer feedlots generally are seasonal 
operations. Since cattle feeding is an enterprise used to convert on-
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farm grown feed to a more valuable commodity, most farmer feedlots are 
filled with cattle shortly after harvest, usually during the October to 
December period. Many farmer feedlots feed only a single group of cat­
tle during the year, meaning facilities are somewhat underutilized and 
average fixed costs are higher than if full, year-round utilization 
would occur. 
Beef consumption has steadily increased since the 1930's, until 
recently. Because it is the major source of protein for most Ameri­
cans, its production consumed 25 percent of the concentrates and 75 
percent of the roughages fed to livestock in 1979. The Southeast and 
the Southwest had the greatest numbers of beef cows in 1980 and the 
Southeast and the Corn Belt and Lake States regions had the greatest 
increases in beef cow numbers between 1950 and 1980. Finally, most 
beef is now produced in large commercial feedlots as opposed to smaller 
farmer feedlots. 
Pork 
The production of pork was traditionally a sideline activity on 
most farms with many farmers each owning a few sows. For example, in 
1950, 39 percent of all farms sold hogs and pigs but by 1974 that fig­
ure had dropped to 19 percent. Thus, pork production became a special­
ized enterprise along with many other agricultural commodities. 
Regionally, pork has been and continues to be produced in the Corn 
Belt and Lake States (Figure 1). This is where the major feedstuffs 
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used in pork production are produced. liveweight hog and pig produc­
tion in the Corn Belt and Lake States region accounted for 67.1 percent 
of national production in 1950 and 64.9 percent in 1980 (Table 5). In 
general, the regional distribution of pork production has remained re­
markably stable over the last 30 years. 
Pork production increased from 13 billion pounds in 1950 to 16.5 
billion pounds in 1980 (USDA, 1960, 1981). A 27 percent increase over 
a 30 year period suggests a fairly stable rate of per capita consump­
tion. In 1950, per capita pork consumption was 69.2 pounds while in 
1980 it was 73.4 pounds, a 6 percent increase (Table 6). Unlike beef, 
per capita pork consumption has remained fairly constant over the dec­
ades. In terms of total red meat consumption, pork's share was nearly 
52 percent in both 1930 and 1940 but dropped to 41 percent by 1980 
(Table 6). This decline in pork consumption reflects the increased im­
portance of beef and poultry in the diet, especially from 1950 onward. 
Looking at cash receipts from marketing livestock and livestock 
products a similar decline in importance is evident (Table 6). In 
1910, pork's share of livestock receipts was 23 percent of the total, 
but by 1980 that share had Irregularly declined to 14.6 percent. 
Concentrate feed consumption by hogs is also presented in Table 6. 
Hog consumption of concentrates reached a high of 40.2 percent In 1945 
declining to 30.6 percent by 1979. 
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Table 5. Regional distribution of U.S. hog production, 1950-1980® 
Region 1950 1955 1960 1965 1970 1975 1980 
Corn Belt-Lake States 67.1 68.9 69.4 69.5 65.8 65.8 64.9 
Northern Plains 10.4 11.1 10.2 12.1 13.7 12.8 13.0 
Southeast 14.0 13.0 14.1 12.8 14.4 14.8 15.8 
Southwest 3.5 2.6 2.3 2.0 2.6 2.4 2.0 
Other 5.0 4.4 4.0 3.6 3.5 4.2 4.3 
^Source ; USDA, Agricultural Statistics, various years ; USDA, 
Livestock and Meat Statistics, various years. 
Table 6. Pork information: per capita consumption,® meat consumption,b 
marketing receipts,c feed consumption 
Year 
Per capita 
pork consumption 
Share of 
total meat 
consumption 
Share of 
total livestock 
cash receipts 
Share of total 
concentrate 
consumption 
(pounds) (percent) (percent) (percent) 
1900 71.9 47.8 NAf NA 
1905 71.0 45.7 NA NA 
1910 62.3 42.6 23.0 38.4 
1915 66.5 49.3 26.4 38.9 
1920 63.5 46.7 22.6 38.5 
1925 66.8 47.7 22.4 37.3 
1930 67.0 51.9 18.9 39.5 
1935 48.4 41.2 16.5 33.3 
1940 73.5 51.6 17.0 38.1 
1945 66.6 45.9 18.8 40.2 
1950 69.2 47.8 20.0 39.7 
1955 66.8 41.0 16.9 36.4 
1960 64.9 40.4 15.1 33.4 
1965 58.7 35.1 16.5 28.1 
1970 72.6 35.7 15.2 28.6 
1975 55.4 30.7 18.3 26.0 
1980 73.4 40.7 14.6 30.6 
®'^Source; USDA, AMS, 1958; USDA, 1981. 
^Source: USDA, ESCS, 1978; USDA, 1981. 
^Source: Allen, 1980; Jennings, 1958; USDA, ERS, 1975. 
^Concentrates include corn, barley, oats, sorghum and oilmeals. 
^NA means not available. 
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Enterprise structure 
There are 3 separate enterprises involved in the production of 
pork. They are farrow-to-flnish, feeder pig production and feeder pig 
finishing. Each is a specialized enterprise in that no two are normal­
ly found on one farm. 
The farrow-to-finlsh enterprise is named as such because a hog is 
raised from birth to a slaughter weight of 220 pounds, approximately. 
This enterprise requires the holding of breeding stock which need extra 
feed, housing and management. The objective of this enterprise is to 
produce market weight hogs. Most market weight hogs are produced in 
farrow-to-finlsh enterprises. For example, in 1971, 80 percent of mar­
ket hogs produced in the Corn Belt came from farrow-to-finish opera­
tions. 
Feeder pig production enterprises produce weaned, 6 to 7 week old 
pigs, for finishing. These enterprises are designed for a producer 
with plenty of excess labor since the period from birth to weaning is 
the most labor Intensive of hog production. In 1974, 21 percent of hog 
farms in the Corn Belt produced feeder pigs while 32 percent in the 
Southeast did (USDC, 1977). Feeder pig production requires less feed 
than other enterprises and thus is more often found In regions with 
relatively less feed grain production. 
Feeder pig finishing enterprises purchase pigs from feeder pig 
producers and feed them to market weight. The Lake States and the 
Southwest finish the greatest percent of feeder pigs (USDC, 1977). 
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Because of their size and age, feeder pigs are not able to withstand 
the stress of long distance travel, thus most feeder pigs are finished 
In the same region that they are produced. A feeder pig finisher gen­
erally does not have the necessary labor or facilities available for 
breeding and farrowing, thus he opts to purchase these services In the 
form of feeder pigs. 
Legal organization 
The organizational structure of most hog farms Is sole proprietor­
ship. In 1975, about 90 percent of all farms were operated by a sole 
proprietor, while full or limited partnerships accounted for the bulk 
of the other 10 percent (Van Ârsdall, 1978). On average more feeder 
pig production enterprises are organized as sole proprietorships than 
are feeder pig finishing enterprises and more feeder pig finishing en­
terprises are organized as sole proprietorships than are farrow-to-
flnlsh enterprises. Fewer farrow-to-flnlsh enterprises are organized 
as sole proprietorships because of the greater size of these enter­
prises. Approximately two-thirds of farms with farrow-to-flnlsh enter­
prises that market 1,000 to 2,499 hogs per year were operated by single 
owners but less than one-half of farrow-to-flnlsh farms marketing more 
than 2,500 hogs per year were operated by Individuals. 
Production system 
More and more pork Is produced in confinement. That is, enclosed, 
specialized buildings that not only provide shelter, but also provide a 
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controlled climate along with automated feeding and manure removal. 
Each building Is designed for a specific phase of the production 
cycle. 
A farrowing building Is used by sows from the birth of their lit­
ters to weaning. Farrowing houses centralize breeding activity and 
thus reduce labor demands while also allowing for year-round farrow­
ing. 
A nursery building Is used to ease the transition from the farrow­
ing house to the growing-finishing building. The nursery limits the 
stress of weaning, thus reducing death loss and improving rates of 
weight gain. Also, since weaning stress is reduced, weaning can occur 
at an earlier age and the farrowing house can then be more frequently 
used. 
Finally, the growing-finishing facilities complete the production 
phase set of building. Pigs move here from the nursery at about 75 
pounds at which time they are better able to withstand climatic and en­
vironmental stress. Growing-finishing facilities vary from placement 
on pasture without shelter to completely controlled confinement (Van 
Arsdall, 1978). 
In conclusion, per capita pork consumption has been stable over 
the past few decades but pork is a less Important component of a con­
sumers meat diet and user of concentrate feeds and accounts for a smal­
ler amount of farm cash receipts. More and more pork is produced In 
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highly specialized confinement operations and the size of these opera­
tions has continuously Increased In recent years. 
Dairy 
Even more so than pork production, dairy farming has undergone 
great changes in a fairly short period of time. The consolidation of 
dairy farms, a shift to and acceptance of dairying as a specialized en­
terprise, the widespread use of artificial insemination—used more so 
here than for any other livestock type—rapid acceptance and use of in­
novative technology, government policies that stabilized the price of 
milk and pegged it to cost of production, and increased milk production 
per cow, along with continually declining per capita consumption of 
milk, have all combined to spawn some difficult problems in the dairy 
Industry. 
The number of dairy cows peaked at 28 million in 1945, declining 
to 11 million as of Januairy 1, 1981 (Table 7). At the same time that 
dairy cow numbers declined 49 percent, milk production per cow in­
creased 181 percent (Table 7). But, while total milk production in­
creased, per capita consumption of fluid milk declined (Table 7). This 
unfortunate occurrence has led to huge stockpiles of long-term storable 
dairy products as of early 1983. Table 7 indicates that per capita 
fluid milk and cream consumption peaked in 1945 and then declined by 
one-third as of 1980. Over the same time period, milk production in­
creased 7 percent. 
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Table 7. Dairy cow numbers,® milk production per cow,^ total milk 
production,c and per capita milk consumption^ 
Milk Per capita 
production Total milk consumptlon-
Year Dairy cows per cow production fluid milk and cream 
1900 16.5 NAG NA NA 
1905 17.8 NA NA NA 
1910 20.6 NA NA 262.1 
1915 NA NA NA 264.2 
1920 21.5 NA NA 289.1 
1925 22.6 4,218 90.7 280.8 
1930 23.0 4,508 100.2 280.8 
1935 26.1 4,184 101.2 271.4 
1940 24.9 2,622 109.4 275.6 
1945 27.8 4,787 119.8 374.8 
1950 23.9 5,314 116.6 305.6 
1955 23.5 5,842 122.9 314.1 
1960 19.5 7,004 122.9 322.0 
1965 15.4 8,305 124.2 302.0 
1970 12.1 9,751 117.0 264.0 
1975 11.2 10,360 115.4 246.0 
1980 10.9 11,875 128.4 233.0 
®'^Source: USDA, 1981, 1960, 1940. 
c^^^ource: USDA, 1981, 1960, 1940; USDA, AMS, 1958. 
GNA means not available. 
Legal organization 
Not withstanding the consolidation of dairy farms Into larger and 
larger units sole proprietors still operate most commercial dairy farms. 
The 1974 census of agriculture reported that single owners operated 88 
percent of all dairy farms, 11 percent were operated as partnerships and 
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only 1 percent were corporations (USDC, 1977). However, the size of 
dairy operations does differ by type of legal organization. According 
to Forste and Frick (1979) "distribution of over 500 New York dairy 
farms by form of business organization in 1978, was as follows: 81 
percent were individually owned averaging 65 cows; 17 percent were 
partnership arrangements averaging 92 cows ; and 2 percent were incorpo­
rated farms averaging 147 cows." 
Regional production 
Regional milk production and changes therein, are presented in 
Table 8. Of the 9 regions listed, 4 gained in production from 1940 to 
1980 with the Southwest having the greatest increase in production from 
1940 to 1960 of 58 percent and also from 1960 to 1980 of 62 percent. 
Three regions had their share of production decline between 1940 and 
1980. The plains had the greatest loss between 1940 and 1960 of 37 
percent while the Corn Belt lost the greatest share of production be­
tween 1960 and 1980 of 31 percent. The Appalachian and Northwest re­
gions remained fairly constant between 1940 and 1980. The Lake States 
region has consistently been the largest producer of milk capturing 
nearly 29 percent of production in 1980. 
Milk production has also become a specialized enterprise within 
United States agriculture and the size of each dairy farm has increased 
along with other livestock operations. A special problem of the dairy 
industry within livestock agriculture is overproduction. Sole propri­
etors still operate most dairy farms unlike other sectors of livestock 
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Table 8. Regional milk production as a percentage of national 
production* 
Region 1940 1960 1980 
Northeast 17.0 20.0 20.1 
Lake States 23.4 27.0 28.7 
Corn Belt 21.2 18.0 12.5 
Appalachian 6.7 7.2 6.6 
Delta States 2.9 2.5 2.0 
Southeast 2.9 2.5 2.0 
Plains 16.7 10.5 8.8 
Northwest 4.2 3.8 4.7 
Southwest 5.0 7.9 12.8 
asource: USDA, 1981, 1961, 1950. 
agriculture. Finally, the Lake States, traditionally a major producer 
of milk and milk products continues to be the production leader. 
Poultry 
Poultry production has become an important part of our domestic 
feed-livestock economy. Poultry have been very adaptable to factory 
style production practices resulting in a final product of uniform 
makeup and high quality. Rapid breeding advances leading to continu­
ally improving feed conversion rates have helped to reduce real costs 
of production and consumer prices. This, coupled with fat and choles­
terol health concerns is the primary cause of a steady increase in 
poultry consumption. 
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In 1969, 81 percent of broiler production occurred on farms pro­
ducing 60 thousand or more broilers per year, but by 1974 that figure 
jumped to nearly 90 percent (USDC, 1977). 
The dominance of large scale producers and the trend towards even 
larger operations Is also apparent in turkey production. In 1969, 47 
percent of all turkeys were located on farms producing 60 thousand or 
more birds. By 1974, 61 percent of all production occurred on these 
large farms. 
Another example of the rapid Increase in enterprise size is evi­
dent when observing the change in average broiler production per farm. 
In 1954, the average production par farm was approximately 1,200 
broilers, while just 10 years later that average had catapulted to ap­
proximately 54.5 thousand birds. That is more than a 4 thousand per­
cent increase! By 1974, the average size increased to nearly 77 thou­
sand birds, an additional 41 percent Increase. The decrease in the 
rate of increase in size of operation might indicate that economies of 
scale may have been reached, at least in broiler production. 
Why have poultry production units Increased in size to such an ex­
tent? One reason is that poultry have a much shorter reproductive 
cycle than other livestock and thus, may have any part of their produc­
tion cycle altered much quicker than other livestock types such as 
beef. Also, poultry have adapted well to confinement production once 
medication was developed to thwart disease outbreaks. For example. 
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mortality rates for broilers have declined by as much as 75 percent 
since the 1950s (Rogers, 1979). 
The movement of production to large sized units made it easier to 
produce a standardized product allowing for efficient, large scale 
processing plants that consistently provided the consumer with a qual­
ity product. The movement to confinement also meant that a steady 
year-round supply of poultry products would be available. As produc­
tion units increased in size and as centralized decision making began 
to dominate production, vertical integration occurred as producers car­
ried centralization of management beyond the production phase backward 
to hatcheries and chick production and forward to processing and mar­
keting. As these adjustments occurred more efficiencies were gained 
allowing further increases in production unit size. 
As mentioned, all of these changes have reduced costs, improved 
product quality and thus increased consumer interest in poultry meat as 
a substitute for other, higher priced protein sources. Poultry meat 
per capita consumption has increased 161 percent since 1930 (Table 9). 
Perhaps more importantly to the poultry meat industry is its share of 
meat consumption. That share has also been increasing steadily since 
1960 (Table 9). By 1980, poultry meat comprised fully one-fourth of 
yearly per capita meat consumption. 
Breeding improvements, brought about by public and private re­
search have been largely responsible for increased feed efficiency 
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Table 9. Poultry^ per capita consumption,^ share of total meat 
consumption,^ and share of total concentrate consump-
tion°'G 
Share of Share of total 
Per capita total meat concentrate 
Year consumption consumption consumption 
(pounds) (percent) (percent) 
1910 NAf NA 11.7 
1915 NA NA 11.0 
1920 NA NA 13.3 
1925 NA NA 16.5 
1930 23.3 15.6 18.2 
1935 20.2 15.0 2.5 
1940 22.2 15.5 21.4 
1945 33.1 21.1 22.9 
1950 24.7 16.0 24.5 
1955 26.4 15.5 24.8 
1960 34.4 17.7 22.2 
1965 41.3 20.3 23.4 
1970 48.8 21.3 22.4 
1975 48.8 21.3 22.4 
1980 60.9 25.7 23.8 
^Poultry refers to broiler, chicken and turkey, 
^Source: USDA, AMS, 1958; USDA, 1981. 
dSource: Allen, 1980; Jennings, 1958; USDA, ERS, 1975. 
^Concentrates include corn, barley, oats, sorghum and oilmeals. 
^NA means not available. 
and faster growth rates. For example, Rogers (1979) states that "time 
needed to produce a market weight broiler has been cut from 13 weeks to 
between 7 and 8 weeks during a 25 year period." 
Finally, feed consumption by poultry has been affected by 2 off­
setting factors ; one is the just mentioned improved feed efficiencies 
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causing feed consumption to decline while the offsetting factor is the 
rapid increasee in poultry production. Table 9 reports poultry's share 
of concentrate feed consumption. Since 1950, that share has been rela­
tively constant. 
Poultry production is especially adaptable to factory style, as­
sembly line production techniques. For biological reasons, poultry 
have quickly responded to breeding improvement research. Therefore, 
poultry meat can be produced with uniform quality and at low cost. 
Primarily for this reason, poultry has become an increasingly important 
component of our domestic meat diet. 
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CHAPTER III. METHODOLOGY 
Mathematical Programming 
Mathematical programming models provide policy makers with the 
power to analyze agricultural price, Income and environmental problems. 
Because of agriculture's Inter and Intrareglonal diversity and complex­
ity the use of large scale programming models has been especially use­
ful In sorting out the great number of relationships that exist between 
Input suppliers, the natural resource base and agricultural producers. 
The general objective of an agricultural policy maker Is to maximize 
both consumer and producer welfare subject to real constraints such as 
those dealing with purchased resources and Input availability and In­
stitutional constraints such as federal supply control measures. These 
models are represented by demands for agricultural products and produc­
tion and distribution processes that satisfy those demands. 
Generally, mathematical programming models have 3 components: an 
objective function to be optimized; activities to be used In attaining 
the objective In an optimal manner; and real and Institutional restric­
tions on the ultimate size of the solution. These models while captur­
ing many of the basic relationships of the agricultural sector never­
theless still simplify reality to a great extent. However, these 
models do effectively analyze the Impacts of policy and structural 
changes such as changes In Institutional restrictions, changes In re­
source availability and changes In demand for agricultural commodities. 
35 
The results generated by mathematical programming models are nor­
mative. Normative results Indicate what the agricultural sector should 
do, given the three basic model components mentioned above. If all 
farmers were optimizers and valued Inputs and resources according to 
the laws of economics and were perfect competitors, then the agricul­
tural sector would operate In a normative manner. Since these "labora­
tory" conditions don't completely exist, positive results Indicate how 
farmers actually respond to a policy or structural change. But the 
problem with positive analysis Is that It occurs ex post facto of the 
policy change or structural adjustment and Is thus of limited use to 
policy formulators. The ability to observe and study a potential 
change In the agricultural sector before the fact, even If the results 
are normative In nature is the greatest advantage of mathematical pro­
gramming models. 
The results from the mathematical model presented In this chapter 
are normative in nature. The other important characteristic of this 
model is that the solutions provide information for a single point in 
time and are thus comparative static as opposed to a dynamic analysis. 
Comparative static models generate a new, optimum plan after a poten­
tial policy change has been Implemented within the model and then re­
sults before and after the policy implementation can be compared. Dy­
namic models, on the other hand, provide additional Information in the 
form of the path taken to arrive at the final solution. 
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Method of Analysis 
Economic theory 
For an agricultural producer to continue farming In the long run 
he must make a return that covers both fixed and variable costs. In 
order to be successful at this, he must make production decisions based 
on available technology, available resources and the relative prices of 
Inputs and outputs. 
The economic theory of the firm is a useful tool in analyzing the 
decision process of an agricultural producer. Once the goals and ob­
jectives of the firm have been specified, a rational firm can make its 
production decision based on technology, resource availability and in­
put and output prices. 
As an example, the theory of the firm can be illustrated when the 
firm's goal is to maximize profits. Profit is defined as the differ­
ence between total revenue and total costs and the firm's goal is to 
maximize this difference. Mathematically, the objective can be .repre­
sented as: 
TT - TR - TC (3.01) 
where ir = profit to be maximized; 
TR = total revenue ; and 
TC = total costs. 
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Total costs are a combination of variable and fixed costs so the firms 
objective can also be stated as: 
where TVC = total variable costs ; and 
TFC = total fixed costs. 
Total revenue can be expressed In more detail as the amount of produc­
tion multiplied by the price per unit of production and total variable 
cost can also be expressed In more detail as the summation of all In­
puts multiplied by their respective prices. So the prior equation can 
be expanded to: 
where Py - price per unit of production; 
Y = units of production; 
Pi = price of the ith input; and 
Xi = units of the 1th input to production. 
Now we have all the information mentioned earlier as necessary for a 
firm to make rational production decisions. Equation (3.03) contains 
both input and output prices, resources in the form of inputs and 
finally, technology which is contained in the implied production func­
tion associated with Y: 
ÏÏ = TR - TVC - TFC (3.02) 
n 
ir = PyY - Z PiXl - TFC 
1=1 
(3.03) 
(3.04) 
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Now the profit equation can be expanded again by substituting (3.04) 
for Y in (3.03); 
n 
TI = Pyf(X,, X-, .... X , X ) - E PiXi - TFC (3.05) 
^ ^ 1 " i=l 
Now, this equation contains all of the Information required for a firm 
to make rational production decisions. The economically optimum, 
profit maximizing output is determined by first taking the partial 
derivative of (3.05) with respect to each of the n inputs: 
8X 
9lÇ " ^  9IÇ *2 •••' *n^ ~ âiÇ 
- x^  |~ i = 1, 2, ..., n (3.06) 
3 Y 
where is the partial derivative of the production function with 
a 
respect to input X^ and is interpreted as the effect on output 
of an increase in the use of input X^ or the marginal 
productivity of Xj; 
3 py 
is the partial derivative of the output price with respect 
to input Xi and is interpreted as the impact on the output 
price of an incrase in the use of input X^; 
3Xi 
is the partial derivative of input Xi with respect to 
itself ; and 
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is the partial derivative of the price of Input Xj[ with 
respect to Input and is interpreted as the impact of an 
increase in the use of input X^ on its price. 
The second step is to set each of these n equations equal to zero and 
solve for economic relationships. First we must make the assumption 
that the firm under question is a perfect competitor in both the input 
and output markets and thus can produce as much or as little as it 
deems rational without affecting the output price, Py, and can purchase 
as much or as little of any input X^ without affecting its price, Pi. 
Setting (3.06) equal to zero and adhering to the assumption of 
perfect competition results in n equations of the form: 
-  P y  -  P i  =  0  1 = 1 , 2  n  ( 3 . 0 7 )  
1 i 
Two important relationships are attained by solving these equa­
tions which are critical in that if they are met, then the firm is max­
imizing profits. The first relationship (3.08) must hold for each in­
put and it is: 
^ 1 = 1, 2 n (3.08) 
interpreted as the marginal productivity of each Input simultaneously 
equaling the ratio of Input to output prices. A second relationship 
results when this simultaneous system of equations is solved by divid­
ing the n-1 equations through by the nth equation. For the two input 
case, the result would be: 
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PyJL 
^ ax, ax. p. 
which indicates that inputs and X2 should be used in such a com­
bination that the ratio of the marginal products of X^ and X2, 
which is referred to as the marginal rate of substitution of for 
X2, is exactly equal to the ratio of prices for X^ and X2. In 
other words, the inputs X^ and X2 are used just up to the point 
where the marginal rate of substitution of the two inputs is just equal 
to their inverse price ratio. If these two relationships hold, then 
this firm is maximizing profits because it is using Its input base in 
the most economically efficient manner given output and input prices 
(Henderson and Quandt, 1971). 
This economic model of the firm is, necessarily, a simplistic rep­
resentation of reality and therefore, has some flaws. The most criti­
cal flaw has to do with the assumption of perfect competition in the 
input and output market. This assumption is very often not true. 
If it isn't, then the and terms do not dropout of (3.06) and a 
less than optimal use of inputs results. The second flaw has to do 
with the goal assumption. Many agricultural firms do not have a goal 
of profit maximization. There are many potential goals some of which 
are based on monetary considerations and some of which are not. For 
example, a farmer may have as a goal the maximization of output or the 
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minimization of purchased Inputs. However, profit maximization is usu­
ally an appropriate goal for the general farm economy in a free enter­
prise structured system. 
Analytical tool 
Because of the large number of equations that can result from 
properly specifying all of the decisions available to a firm and be­
cause of its close parallels to the economic theory of the firm, linear 
programming is a computer assisted mathematical technique quite popular 
with economists. Simply, linear programming is a method for finding 
nonnegative values for the specified variables that will either maxi­
mize or minimize a linear objective function subject to a set of linear 
constraints (Heady and Candler, 1958). 
The seven basic assumptions of any linear programming model are: 
1.) addltivlty of resources and activities; 
2.) linearity of the objective function; 
3.) nonnegativlty of the decision variables; 
4.) divisibility of activities and resources ; 
5.) finiteness of the activities and resource restrictions; 
6.) proportionality of activity levels to resources ; and 
7.) single valued expectations (Agrawal and Heady, 1972). 
A linear programming problem can be expressed as: 
m 
Max(Min) Z - S C X 
j«l ^ ^ 
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m 
subject to E a. .X £b. 1 = 1, 2, n all X 0 
j=l J J J 
where Z = the value of the linear objective function to be maximized 
or minimized ; 
Cj = price per unit of Xj In the case of a maximization 
model and cost per unit of Xj In the case of a minimiza­
tion model; 
Xj = an activity of which there are j, which allows for some­
thing to be produced, an enterprise to be undertaken, or a 
method of production used which Is characterized by a 
specific amount of various Inputs; 
a^j = technical coefficient which relates 1 Inputs of vari­
ous levels to output of the jth activity; and 
bj[ = level of availability of the 1th resource. 
Linear programming Is also an excellent tool for demonstrating the 
phenomena of competitive general equilibrium. When a perfectly com­
petitive system Is In equilibrium, resources cannot be reallocated 
among competing activities such that resource owners can earn more or 
consumers can purchase their market goods at a lower cost. In addi­
tion, In the long run under perfectly competitive conditions, an equi­
librium requires that costs exactly equal revenues so that profits 
equal zero. All of this occurs because there are many producers and 
many consumers competing for scarce resources and final commodities and 
all participants are endowed with perfect knowledge about the market 
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place and finally their purchasing and selling decisions are not re­
stricted In any way. The result of all these unrestricted market nego­
tiations Is that every scarce resource will earn a positive return and 
every product that uses these scarce resources will have a positive 
price. 
Partial spatial equiliblrum 
A long run, competitive, general equilibrium generates relative not 
absolute price levels because all demand functions are homogenous of de­
gree zero (Henderson and Quandt, 1971). However, the model presented in 
this chapter is a partial spatial equilibrium because some resources and 
other factors of production are assigned fixed values. Therefore, abso­
lute equilibrium product prices and nonflxed factor prices can be deter­
mined and these absolute prices are directly related to the price levels 
of the fixed factors of production. 
Maximize or minimize 
Profits are equal to zero under long run equilibrium and therefore 
the minimum amount of consumer spending for goods must be equal to the 
maximum returns to producers. Thus, when developing a mathematical pro­
gramming model it is just as logical to set up the objective function to 
maximize net revenue given product and factor prices as it is to mini­
mize costs given product demands and costs. 
For a proof that the solutions are equivalent and that the returns 
to the scarce factors are also equivalent, see Brokken (1965). 
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The problem with profit maximizing regional models arises when we 
attempt to include interregional transportation activities at observed 
costs and regional output producing activities at observed prices. The 
profit maximizing solution would be in error because the observed out­
put prices would be altered by transportation costs. If price differ­
ences between areas are due completely to transportation, then output 
producing activities will reflect transportation charges once in the 
observed regional price at which the commodity produced is being valued 
and again through the cost placed on the transportation activities. 
This fact makes it difficult to use a profit maximizing objective func­
tion when solving a spatial linear programming problem. Also, per acre 
or per head costs are often times more stable than are commodity 
prices. Thus, for the model presented in this chapter and used in this 
study a cost minimizing objective function will be employed as the op­
timizing criteria. Since it is cost minimization, equilibrium quanti­
ties of each endogenous commodity must be specified before a solution 
can be attempted. 
The Model 
The mathematical model used for this study is one in a long series 
developed at the Center for Agricultural and Rural Development 
(Brokken, 1965; Eyvlndson, 1965; Melster and Nicol, 1975; English et 
al., 1982; and Turhollow, 1982). Except for the livestock sector all 
of this model was developed and used previously. 
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The specific model used Is a regionalized, national linear pro­
gramming model capable of analyzing current and potential agricultural 
problems and policies. A transportation sector links the regions so 
that the Impact from a national policy or resource change can be viewed 
regionally throughout the continental United States. 
The mathematical objective of this particular model Is to minimize 
costs of production and distribution given the objective function, the 
endogenous resource constraints and the processes of production and 
distribution. The year for which the static optimization occurs has 
been set at 2000 to allow adequate time for the full Investment and 
structural changes that need to occur to fully Implement the policy 
variation suggested in this study. 
This model has 105 crop producing areas and 28 regions that are 
aggregates of the 105 producing areas and that serve both as market de­
mand centers and livestock producing regions. The crop activities pro­
duce 11 commodities, the livestock activities produce 5 commodities and 
the transportation activities transport 10 crop and livestock commodi­
ties all subject to a set of regional and national constraints on re­
source supplies and commodity demands. 
This section begins with a description of the regions of the 
model. Then the various sectors that combine to form the model are 
presented. 
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Regions 
This mathematical model is defined for the 48 continental United 
States which are sectioned into 105 producing areas (PA) which are the 
basic crop production units of the model (Figure 2). These PAs are 
derived from the U.S. Water Resource Council's 99 aggregated subareas 
(ASA) (U.S. Water Resources Council, 1970). The PAs are identical to 
the ASAs except that 6 of the ASAs are subdivided to more accurately 
reflect production patterns. In addition, the PAs serve as water sup­
ply regions with PAs 1-47 having only dryland production, while PAs 
48-105 have both dryland and irrigated production. 
From the initial set of 105 PAs is derived 28 regions each of 
which is a contiguous aggregation of PAs (Figure 3). These 28 regions, 
referred to as market regions (MR), also serve more than one purpose. 
First and most important, they serve as the demand centers from which 
commodity demands and transportation activities are defined. Secondly, 
livestock production is defined on a MR basis and third the nitrogen 
purchasing activities are also defined at the MR level. 
To report results from the model solutions, the 28 MRs are contig­
uously aggregated into 7 major zones which include: North Atlantic, 
South Atlantic, North Central, Great Plains, South Central, Northwest 
and Southwest (Figure 4). 
Crop sector 
This section describes the workings of the crop production activi­
ties. 
Figure 2. The 105 producing areas 
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The crop production sector is an Important component of this lin­
ear programming model. It is here where most of the scarce resources 
are used and where most of the output from the model is generated. 
Crop rotations are used to generate crop production and they are de­
fined at the PA level. The rotations contain between one and four 
crops produced in fixed proportions and they are typical to the PA, 
The rotations can be up to five years in length. The crops produced 
within the model are barley, com grain, com silage, cotton, legume 
hay, nonlegume hay, oats, sorghum grain, sorghum silage, soybeans and 
wheat. In more arid areas of the nation, fallowing land is allowed in 
some rotations. 
One of three tillage practices and the optimum fertilizer level is 
used with each crop rotation. The three tillage methods are conven­
tional, moldboard plow tillage in the fall which removes residue from 
the field at that time; conventional, moldboard plow tillage in the 
spring which removes residue at that time; and finally some form of re­
duced tillage which leaves some residue on the ground all year. Each 
tillage method has a separate set of costs for machinery, labor and 
pesticides and different energy use coefficients. The amount of nitro­
gen carried over from a previous years legume crop, such as hay or soy­
beans, is used to decrease the amount of nitrogen applied in the cur­
rent year of the rotation. Finally, there are some activities that 
allow exogenous irrigated hay to be replaced by endogenous dryland hay 
which frees up water to be used by other endogenous crops. 
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Crop production costs were gleaned from the Firm Enterprise Data 
System (FEDS) (USDA, 1981). The total costs of production are broken 
Into the four categories of machinery, labor, pesticides and other 
costs. These costs are then weighted from FEDS regions to PAs and they 
reflect average costs for the FA in 1979 dollars. Finally, the costs 
for land and water are determined within the model and thus not includ­
ed in the objective function. 
livestock sector 
This section describes the makeup of the livestock production sec­
tor. 
Livestock make up an Important component of the demand for the 
crops produced by the model. They also demand water from the model. 
In return, they produce red meat, poultry, milk, and eggs, satisfying 
the demand for these commodities. Also, they produce a sizable amount 
of manure that provides nitrogen to the soil. 
For this particular livestock sector, some of the livestock com­
modities are produced within the model and are referred to as endoge­
nous while others are produced outside the model and referred to as 
exogenous. The endogenous livestock commodities are grain-fed beef, 
roughage-fed beef, pork and milk, intermediate stage livestock com­
modities such as steer and heifer calves and yearlings and feeder pigs 
are also produced by the model as it needs them, to satisfy the final 
demands for beef, pork and milk. The endogenous livestock commodities, 
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both final and Intermediate, demand feed and water while producing 
meat, milk and nitrogen. 
The exogenous livestock commodities are broilers, eggs, sheep and 
turkeys. They also demand feed and water and produce red meat, poul­
try, eggs and nitrogen. The feed and water demands are calculated be­
fore the model solution and used to adjust the crop commodity demands 
and the water supplies. Nitrogen production is also calculated before­
hand and used to adjust nitrogen supplies. 
Endogenous livestock activities 
In the past, CARD models have treated livestock either as a wholly 
exogenous sector or as partly endogenous and partly exogenous as is the 
case for this model. When livestock has been treated as partly endoge­
nous to the model, a specific set of rations ranging from a composition 
high in concentrates to one high in roughage has been used as the feed­
ing mechanism. The models objective was to choose the ration that min­
imized the cost of feeding in a particular region given the particular 
structural characteristics and interrelationships present in the model. 
This fixed ration formulation did not allow for as much feed substitu­
tion as would be present in a true least cost ration livestock model. 
The limitation on feed substitution within a ration might be expected 
to bias the interregional location of crop and livestock production 
since a truly least cost ration might feed a different mix of crops 
than the fixed ration model, thus demanding a different mix of crops 
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resulting in a different regional mix of crop and livestock production. 
Thus for this study a livestock sector was built under a least cost 
ration formulation (Schraufnagel, 1982). 
Activity types 
There are seven basic endogenous livestock activities which re­
quire various inputs from the model and provide byproduct inputs and 
final and intermediate outputs to the model (Table 10). Livestock ac­
tivities are defined on a MR basis. All activities produce nitrogen 
via manure and all activities require feed and water. 
Dairy activities produce milk as a primary product and also steer 
calves and roughage-fed beef as joint-product intermediate and final 
outputs, respectively. 
Grain and roughage feeder cattle finishing activities produce 
their respective types of beef as primary products. Grain-fed beef is 
finished with a ration containing more than 10 percent, but less than 
50 percent of its dry matter content to be roughage. Roughage-fed beef 
is finished with a ration containing no more than 90 percent of Its dry 
matter content to be roughage in the form of hay and pasture. 
Pork production has three distinct activities defined for it. 
Farrow-to-finish activities produce pork as the primary product and in­
cludes the management of a breeding herd. Feeeder pig production ac­
tivities produce feeder pigs as the primary output. Since this activ­
ity also requires the management of a breeding herd, the culls from 
Table 10. Endogenous livestock activities 
Requirements from the model Provides to the model 
Activity Feed Water 
Feeder Feeder 
cattle pigs Nitrogen 
Feeder 
cattle 
Grain-
Feeder fed 
pigs beef 
Roughage-
fed 
beef Pork Milk 
Dairy X X X X X X 
Feeder cattle 
finish-grain X X X X X 
Feeder cattle 
finish-roughage X X X X X 
Feeder cattle 
production X X X X X 
Farrow-to-finish X X X X 
Feeder pig 
production X X X X X 
Feeder pig 
finishing X X X X 
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this herd provide a joint-product output of pork. The final activity 
available for pork production is the feeder pig finishing activity. 
This activity has as a major objective the production of pork. If 
feeder pig finishing activities come into solution in a particular re­
gion then feeder pig production activities also come into solution be­
cause: 1.) feeder pig finishing activities require feeder pigs as an 
input and 2.) a feeder pig is unable to handle a great deal of stress, 
thus feeder pigs are not transported between regions in this model. 
The final activity considered is the feeder cattle production ac­
tivity which has a primary objective of producing feeder cattle in one 
of three combinations: 1.) calves, 2.) calves + yearlings, and 3.) 
yearlings. These activities also produce roughage-fed beef through 
breeding herd culling. 
Activity size variation 
Another feature of this livestock sector is the incorporation of 
varying sized activities within a given MR. Use of the FEDS budgets 
allows the incorporation of size variations among individual livestock 
categories (USDA, 1981). Thus, the model not only chooses a least cost 
region and ration but it also chooses a least cost size of operation. 
For pork production, farrow-to-finish activities are built from 
budgets ranging in size from 40 to 5,000 head, feeder pig production 
activities are built from budgets ranging in size from 140 to 1,600 
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head, and finally, feeder pig finishing activities are built from bud­
gets ranging in size from 140 to 5,000 head. Grain-fed beef finishing 
activities are built from budgets rainging in size from 35 up to 51,000 
head while roughage-fed beef finishing activities are built from bud­
gets ranging in size from 84 head up to 2,500. For feeder cattle pro­
duction, activities are built from budgets ranging in size from 45 to 
1,500 head. Finally dairy activities are built from budgets ranging in 
size from 53 up to 533 milk cows. 
For each livestock type, the complete activity size range is not 
necessarily present in each MR. The size range for any given MR de­
pends on the budgets defined in the FEDS regions that matches up with 
each MR. 
Unit of production 
All livestock activities are designed to produce 100 pounds of 
liveweight, primary output. Thus, a dairy activity produces 100 pounds 
of milk, a feeder cattle production activity produces 100 pounds of 
feeder cattle, a feeder cattle finishing activity produces 100 pounds 
of beef, a farrow-to-finish and a feeder pig finishing activity produce 
100 pounds of pork, while a feeder pig production activity produces 100 
pounds of feeder pigs. All technical coefficients and the objective 
function for each livestock activity are defined in terms of 100 pounds 
of liveweight, primary output. 
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Feeding mechanism 
The feeding mechanism has a rather traditional design with nutri­
ent requirements calculated from National Research Council recommenda­
tions for production of the primary product and maintenance of any 
breeding stock, young and replacement stock (National Academy of 
Sciences, 1976, 1978, 1979). These recommendations do not Include 
margins of safety for such typical occurrences as environmental stress 
and feed wastage. 
For dairy, the nutrient requirements are defined in terms of net 
energy, crude protein, calcium and phosphorous (National Academy of 
Sciences, 1978). Feeder cattle finishing and feeder cattle production 
activities also have their nutrient requirements defined In terms of 
net energy, crude protein, calcium and phosphorous (National Academy of 
Sciences, 1976). All pork activities have nutrient requirements de­
fined In terms of metabollzable energy, crude protein, calcium, phos­
phorous and lysine (National Academy of Sciences, 1979). 
Roughage consumption restrictions are defined for all ruminant 
livestock categories (Table 11). These roughage restrictions constrain 
the dry matter content of the ration to meet the biological needs of 
ruminants (major reason for minimum levels) and assumed production 
levels (major reason for maximum restrictions). Roughage Is defined as 
hay, silage and pasture. The restriction on roughage consumption is 
the only constraint on the least cost ration feeding mechanism. 
The year of analysis for this study is 2000. Feeding efficiencies 
are assumed to improve between now and 2000. Specifically, beef, pork, 
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Table 11. Roughage consumption restrictions 
Livestock type Maximum Minimum 
(percent) 
Dairy 60 35 
Feeder cattle production None 35 
Feeder cattle finishing-grain fed 50 10 
Feeder cattle finishing-roughage fed 90 None 
broilers, turkeys, and sheep and lambs are assumed to have a 15.5 
percent increase in feed efficiency while dairy cows and egg laying 
hens are assumed to have a 10.3 percent and 21 percent increase in feed 
efficiency, respectively. 
Cost calculation 
As mentioned earlier livestock production costs come from FEDS 
(USDA, 1981). The objective function value includes all pertinent 
costs of production other than those accounted for endogenously, such 
as feed and water. All costs are in 1979 dollars. There are five cost 
categories : 
1.) Labor ; 
2.) Machinery and equipment; 
3. ) Other ; 
4.) Transportation and marketing; and 
5.) Ownership. 
Table 12 lists the costs included in the objective function of various 
activities by category. Notice that the costs listed under category 
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Table 12. List of livestock cost items incorporated into each major 
category 
Major category Cost item 
Labor 
Machinery and Equipment 
Other 
Transportation and Marketing 
Ownership 
Hired labor 
Family labor 
Equipment labor 
Livestock labor 
Yard crew 
Managers 
Accountants 
Consultants 
Mechanic 
Truck drivers 
Machinery fuel and lube 
Machinery repair 
Equipment fuel and lube 
Equipment repair 
Ownership cost-machinery 
Ownership cost-equipment 
Machine hire 
Vet and medical 
Interest on operating capital 
Ownership cost-livestock 
Ownerhsip cost-land taxes 
Miscellaneous 
Grinding and mixing 
Antibiotics 
Vet service 
Vet supplies 
Growth stimulant 
Utilities 
Legal fees 
Trucking 
Marketing 
Hauling and marketing 
Livestock hauling 
Sales commission 
Hauling 
Machinery 
Equipment 
Livestock 
Land taxes 
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five, Ownerhsip costs, are also included in the Machinery and equipment 
and Other categories, thus the objective function for each activity is 
actually an aggregation of cost categories 1 through 4. It should be 
noted that each of the cost items listed does not appear in every 
activity. For example, smaller farms would not employ yard crews or 
consultants. Finally, livestock ownership costs are only included for 
those activités that include breeding stock. 
Resource supply activities 
Water and nitrogen are the two major resources available for pur­
chase in this model. Water-buy activities are bounded to the maximum 
available water supply in each of the water supply regions, PAs 48 to 
105. 
Commercially produced nitrogen is available through nitrogen-buy 
activities defined at the market region level. These activities are 
not constrained. Thus, as much nitrogen as is needed is available to 
meet the needs of the crop sector beyond that supplied by endogenous 
and exogenous livestock production. The nitrogen prices used are for 
the year 1979. 
Constraints 
The constraints that directly affect the crop sector are those for 
land, water and the respective crop commodity demands. Constraints 
that affect the livestock sector are feed, water and the respective 
livestock commodity demands. Land and water restraints are specified 
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at the PA level while feed restraints and all commodity demands except 
cotton are defined at the MR level. Cotton is constrained on a nation­
al basis. 
Land is the major constraint on the model since it is the greatest 
limiting factor on production. The total amount of land available for 
production is about 391 million acres (Table 13). Also, there is only 
one class of land available for use. 
Table 13. Land available for crop production 
Type of land Amount 
(million acres) 
Dry 314.6 
Irrigated 38.7 
Pasture and forest conversion 37.6 
Total 390.9 
Water to be used by irrigated rotations in PAs 48-105 can be sup­
plied either from groundwater or from surface water sources. Surface 
water supplies delivered from rivers are adjusted for conveyance losses 
while groundwater is assumed to be pumped on the farm where it is used, 
thus conveyance losses are equal to zero. The supplies of surface 
water are bounded in each PA while groundwater supplies are bounded in 
only a few PAs. 
Livestock demand for feed is the major linkage between the crop 
and livestock sectors. The supplies of feed impact on the regional lo­
cation of livestock. Water demands result in direct competition be­
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tween livestock and crops for that scarce resource. Livestock water 
demand coefficients are derived from an ARAS technical committee publi­
cation (Agricultural Resource Assessment System, 1975). 
Commodity demands are the driving froce for this model because the 
objective of the model is to minimize the cost of producing the given 
set of commodity demands. The crop commodity demands are an aggrega­
tion of domestic human consumption, net exports, exogenous livestock 
feed and other uses. The livestock commodity demands are an aggrega­
tion of domestic human consumption and net exports. Demands for beef 
are broken into grain-fed and roughage-fed based on a 20 year series of 
beef consumption data (USDA, 1982). Projections of all demands to the 
year 2000 come from USDA's NIRAP system (1979). 
62 
CHAPTER IV. RESULTS 
Model Solutions 
Six linear programming solutions analyzing livestock oriented is­
sues were completed for this study. Two solutions deal with the major 
meat categories - beef, pork, and broilers while four solutions analyze 
policies specifically concerned with the beef industry. The six solu­
tions represent four different policies or concerns of the livestock 
industry. 
The first policy analysis is concerned with exporting meat rather 
than feedgrains and soybeans. Two solutions are made to analyze this 
policy. The first solution, abbreviated 25X, decreases corn exports by 
25 percent of their expected level in the year 2000 and increases beef, 
pork, and broiler exports. The second solution, abbreviated 50X, de­
creases corn exports by one-half of what they are expected to be in 
2000 and increases beef, pork, and broiler exports by twice their level 
in the 25X solution. Neither the 25X nor the 50X solution constrains 
increased domestic usage of corn as feed to the amount that exports 
were decreased. 
The next policy is concerned with increasing roughage-fed beef 
production relative to grain-fed beef production. One solution, ab­
breviated lOOR, is made and it doubles roughage-fed beef demands from 
30 percent of total beef demands to 60 percent. 
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The third policy deals with increasing beef imports. When 
roughage-fed beef demands are at the level analyzed in policy solution 
lOOR, roughage-fed beef imports are doubled. This solution is abbrevi­
ated as 10(M. 
Finally, the fourth policy analyzes changes in marketing weights 
for beef. Two solutions are made with the first abbreviated 95(W and 
the second abbreviated 1150W. The 950W solution decreases beef market­
ing weights from 1050 to 950 pounds and the 115CW solution increases 
marketing weights from 1050 to 1150 pounds. 
Table 14 lists the exports, imports, and total demands for each 
policy scenario. 
A BASE solution is initially made with normal demands, exports, 
imports, and cropping and livestock patterns for the year 2000. Then 
each policy solution is compared to this BASE. The relative differ­
ences between variables in the BASE solution and a particular policy 
solution are more important in analysis than are absolute changes. Al­
so, the results generated from the BASE solution and each policy solu­
tion should be interpreted as projections of what might occur rather 
than predictions of the future. 
Shadow prices for outputs and inputs will often be referred to in 
the following pages. The shadow price for crop or livestock outputs 
represents the cost of all the Inputs that are used to produce the last 
unit of output. The shadow price for an input represents how much the 
cost of production can be reduced by having one more unit of the in­
put. 
Table 14. Total demands, exports, and imports by solution for the year 2000^*^ 
BASE'^''^ 25X 50X lOOR® loowf 
Total Total Total Total Total 
demands Exports Imports demands Exports demands Exports demands demands Imports 
(millions of units) 
Livestock 
Beef, grain-fed 457.3 3.4 0.0 570.0 116.0 689.4 232.0 263.5 263.5 0.0 
Beef, roughage-fed 142.3 0.0 54.3 142.3 0.0 142.3 0.0 336.1 281.9 108.6 
Pork. 277.5 3.8 14.5 413.1 139.5 556.4 278.9 277.5 277.5 14.5 
Broilers 171.9 2.0 0.0 203.4 33.5 238.8 66.9 171.9 171.9 0.0 
Milk 1340.7 0.0 .2 1340.7 0.0 1340.7 0.0 1340.7 1340.7 .2 
Crops 
Barley 442.0 78.7 14.9 413.3 35.1 385.2 6.4 442.0 442.0 14.9 
Corn 4361.9 2506.9 1.0 3732-2 1876.2 3171.4 1253.0 4361.9 4361.9 1.0 
Oats 303.0 20.4 1.0 283.6 0.0 287.2 0.0 303.0 303.0 1.0 
Sorghum 433.5 320.6 0.0 339.0 226.1 251.1 132.4 433.5 433.5 0.0 
Wheat 2874.0 2053.1 2.4 2874.0 2050.7 2877.6 2050.7 2874.0 2874.0 2.4 
Soybeans 3605.6 1448.6 0.0 3439.9 1282.7 3301.4 1117.0 3605.6 3605.6 0.0 
Legume hay 1.9 0.0 0.0 1.9 0.0 1.9 0.0 1.9 1.9 0.0 
Nonlegume hay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Corn silage 1.7 0.0 0.0 1.7 0.0 1.7 0.0 1.7 1.7 0.0 
Sorghum silage .1 0.0 0.0 .1 0.0 .1 0.0 .1 .1 0.0 
Cotton 11.3 5.2 .1 11.3 5.2 11.3 5.2 11.3 11.3 .1 
^Source: 17.S.U.A., 1979. 
^All livestock commodities are in hundredweights of liveweight except broilers, which are in hundred­
weights of carcass. All grains and soybeans are in bushels, hays and silage are in tons and cotton is in bales. 
'^Imports are identical to the BASE for all solutions except lOOM. 
'^Solutions 950W and 1150W have total demands, exports and imports identical to the BASE. 
GExports are identical to the BASE. 
^Exports are identical to the BASE. 
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Increased Meat Exports 
Increasing meat exports has been suggested as a method to add val­
ue to our agricultural exports and thus increase the income level of 
the agricultural sector. Two solutions look at the impacts on agricul­
ture of increasing beef, pork, and broiler exports. The approach taken 
is to determine what proportion of total meat production is beef, pork, 
and broilers in each of the major U.S. corn importing countries (Table 
15). Next, the proportion of U.S. corn exports accruing to each of the 
major U.S. corn importing countries is calculated (Table 15). Using 
this information, along with U.S. feed to meat conversion rates, pro­
vides the amount of beef, pork, and broiler meat that would need to be 
produced in this country if com exports, but not total com usage, 
were constrained in the production of meat. The total increase in corn 
usage is not constrained to just the amount by which corn exports were 
reduced. Rather, the least cost ration feeding mechanism determines 
how much and what kind of feeds to be used for the larger domestic pro­
duction of meat. The underlying assumption is that U.S. feed grain and 
soybean exports are primarily used to produce meat and that as our meat 
exports increase our feed grain and soybean exports would decrease. 
For the first solution, corn exports were decreased 25 percent 
from their BASE solution level and the increased production of meat was 
calculated. For the second solution, com exports were decreased 50 
percent from their BASE solution level and the increased production of 
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Table 15. Proportion of meat production and corn Imports by major U.S. 
corn Importers® 
Country 
Meat proportions Import proportion 
Pork Beef Chicken (percent) 
Canada 31.6 51.3 17.2 1.8 
Mexico 25.0 57.4 17.6 3.2 
Brazil 21.9 60.0 18.1 2.4 
EC-9 48.4 38.0 13.6 38.4 
Greece 36.9 34.0 29.1 2.0 
Portugal 41.8 27.7 30.9 2.8 
Spain 41.7 23.3 35.1 5.6 
East Europe 66.1 29.4 4.6 7.2 
USSR 38.5 58.8 2.7 12.5 
Japan 50.6 5.3 34.1 20.2 
Taiwan 98.5 1.5 0 2.1 
Korea 62.3 37.8 0 2,8 
^Source: USDA, FAS, various years. 
meat was also calculated. Once the Increased production of beef, pork, 
and broilers was calculated, U.S. feed to meat conversion rates were 
used to calculate by how much the other feed grain and soybean exports 
would decrease. These changes In crop and livestock demands were 
substituted Into the linear programming model for the BASE solution de­
mands (Table 14). 
The total cost. In 1979 dollars, of meeting domestic consumption, 
Industrial, export, and other demands for crops and livestock products 
in the year 2000 are presented In Table 16. Nonland costs are $69,1 
billion for the BASE, $77,1 billion for the 25X solution and $87.1 bll-
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lion for the 50X solution. Land costs, also listed In Table 16, In­
crease much more rapidly than nonland costs and as a percent of total 
costs Increase from 21 percent in the BASE to 27 percent and 49 per­
cent, respectively, in the 25X and 50X solutions. 
Feed grain and soybean exports are decreased in both the 25X and 
50X solutions which frees up land but the increased livestock produc­
tion more than offsets this. Livestock not only demand feed grains 
and soybeans but also roughage which increases land use in the 25X and 
50X solutions (Table 17). In the 25X solution, total land use in­
creases only 3.5 percent but irrigated land use Increases by nearly 25 
percent. This reflects a lack of excess dryland available for produc­
tion at a cost lower than irrigated land and also the substitution of 
less constrained Inputs such as water for more constrained inputs such 
as dry land. 
Table 16. Costs of production as meat exports Increase 
Solution 
Cost BASE 25X 50X 
Total 
Nonland 
Land 
87.8 
69.1 
18.7 
(billion dollars) 
77.1 
29.2 
106.3 
87.1 
82.7 
169.8 
(percent change from BASE) 
Total 
Nonland 
Land 
+11.6 
+56.1 
+21.1 
+26.0 
+342.2 
+93.4 
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As the use of dry and Irrigated land Increases land rents also In­
crease (Table 17). Land rents Increase 10 percent from the BASE for 
the 25X solution and nearly 600 percent for the 50X solution as the 
available land base Is used both extensively and Intensively to produce 
Table 17. Cropland use and rents as meat exports Increase 
Land 
Solution 
BASE 25X 50X 
Dry 
Irrigated 
Total 
Dry 
Irrigated 
Total 
Rents 
(million dollars) 
329.5 334.7 334.8 
26.0 32.4 36.5 
355.5 367.1 371.3 
(percent change from BASE) 
+1.6 
— +24.6 
+3.5 
(dollars per acre) 
49 54 
+1.6 
+31.9 
+4.4 
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the feed for the Increased livestock production and larger breeding 
herds. 
What happens to farm Income Is an Important consideration when 
analyzing this policy. Table 18 lists gross Income for the livestock 
and crop sectors for each solution. For the 25X solution, gross live­
stock Income Increases 29 percent, while total gross farm Income in­
creases 27 percent from the BASE. For the 50X solution, gross live­
stock income Increases 105 percent, while total gross farm income in­
creases 113 percent from the BASE. Both solutions increase gross farm 
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Table 18. Gross farm Income as meat exports increase 
Solution 
BASE 25X 50X 
(billion dollars) 
Livestock 
Beef, grain-fed 23.7 32.0 52.4 
Beef, roughage-fed 7.4 8.0 10.8 
Beef, total 31.1 40.0 63.2 
Pork 7.0 11.4 20.9 
Milk 9.5 10.1 12.8 
Feeder cattle 18.6 24.4 38.5 
Feeder pigs 0 0 .9 
Total 97.3 125.9 199.5 
Crops 
Feed grains 13.9 16.5 26.7 
Soybeans 18.6 22.4 42.0 
Wheat 8.5 10.5 20.4 
Cotton 2.2 2.4 3.5 
Hay 9.8 13.4 26.1 
Silage .6 .8 3.2 
Total 53.6 66.1 121.9 
TOTAL 150.9 192.0 321.4 
(percent change from BASE) 
Livestock — +29.4 +105.0 
Crop — +23.3 +127.4 
TOTAL — +27.2 +113.0 
income dramatically and thus it would seem likely that substituting 
meat exports for crop exports would be beneficial for agriculture. 
Since costs of production also increase, net income might be a more 
useful indicator of the impact of increasing meat exports. Net income 
increases from $63.1 billion in the BASE to $86 billion for 25X and 
$151.6 billion for 50X. 
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Livestock Impacts 
Grain-fed beef demands are Increased 25 percent, pork demands are 
Increased 49 percent, and broiler demands are Increased 18 percent for 
the 25X solution while for the 50X solution grain-fed beef demand In­
creases 51 percent, pork demand increases 101 percent and broiler de­
mand Increases 39 percent from the BASE. 
Shadow prices for livestock products are presented In Table 19. 
Moderate price Increases occur under the 25X solution with pork having 
the greatest price Increase over the BASE. For the 50X solution, there 
are much stronger shadow price Increases with pork leading the way, 51 
percent higher than under the BASE solution. Pork demand increases 
more than other meat in the 25X and 50X solutions. This increased de­
mand creates economic profits which allow large numbers of less effi­
cient hog farmers to begin production. Because they necessarily pro­
duce at a higher cost, the shadow price Increases significantly. This 
also is a cause for the higher beef, milk and feeder cattle shadow 
prices. 
Table 20 lists feed costs for the 4 major livestock categories and 
also the percent of total cost that is attributable to feed for each 
solution. Feed costs are especially Important for pork accounting for 
48 percent of total costs under the BASE while rising to 65 percent un­
der the 50X solution. Therefore, feed costs are another important de­
terminant in the large pork shadow price climb. Roughage-fed beef feed 
costs are not listed because a substantial portion of roughage-fed beef 
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Table 19. Livestock shadow prices as meat exports Increase 
Solution 
BASE 25X 50X 
(dollars per cwt) (percent change from BASE) 
Beef, grain-fed 51.88 +8.2 +46.5 
Beef, roughage-fed 51.91 +7.8 +46.9 
Pork 25.26 +8.9 +50.5 
Milk 7.11 +6.3 +33.9 
Feeders 82.38 +7.2 +43.0 
production comes as a joint-product of milk and feeder cattle produc-
tion. 
Table 20. Feed costs per 100 pounds of production as meat exports 
increase 
Solution 
BASE 25X 50X 
(dollars) 
Beef, grain-fed 6.63 7.73 13.43 
Pork 12.04 14.23 24.70 
Milk 3.01 3.40 5.20 
Feeder cattle 42.21 48.35 82.28 
(as percent of total cost) 
Beef, grain-fed 13 14 18 
Pork 48 52 65 
Milk 42 45 55 
Feeder cattle 51 55 70 
Regional shifts in livestock production occur as production is in­
creased to meet export demands (Table 21). In the BASE solution, the 
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Table 21, Regional livestock production as meat exports increase 
Beef, Beef, 
Region grain-fed roughage-fed Milk Pork Feeders 
BASE 
(millions of hundredweight) 
North Atlantic 0 4.4 280.8 0 .9 
South Atlantic 0 11.0 202.4 0 12.0 
North Central 213.6 23.5 340.2 275.4 55.0 
Great Plains 126.4 55.4 292.1 2.1 81.3 
South Central 40.5 24.3 7.2 0 51.19 
North West 0 11.5 52.4 0 23.4 
South West 76.8 12.2 165.7 0 2.4 
25X 
(percent change from BASE) 
North Atlantic 0 0 0 0 0 
South Atlantic + °° -36.8 0 0 +10.1 
[5.21]a 
North Central +14.2 +1.4 0 +49.3 +2.2 
Great Plains +30.4 0 0 0 +40.3 
South Central -19.4 +16.6 0 0 +16.7 
North West 0 +2.9 0 0 +3.1 
South West +60.6 +11.1 0 0 +233 
50X 
(percent change from BASE) 
North Atlantic 0 +19.0 +18.9 0 +18.8 
South Atlantic + °° -33.0 0 0 +22.6 
[8.37] 
North Central +29.5 -2.1 -15.6 +78.1 -4.9 
Great Plains +60.4 -15.7 0 0 +79.3 
South Central -28.4 +15.4 0 + » +35.6 
[55.87] 
North West 0 -1.0 0 0 -1.0 
South West +125 +29.2 0 0 +767 
^Brackets are used to present production figures when produc­
tion was zero in the BASE. 
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North Central region produces more grain-fed beef, milk, and pork than 
any other region while the Great Plains leads in roughage-fed beef and 
feeder cattle production. 
In the 25X solution, regional production changes occur as the 
livestock-feed economy adjusts to higher export demands for meat. 
Grain-fed beef production increases in the South Atlantic, North 
Central, Great Plains and Southwest while decreasing in the South 
Central. Offsetting the decline in grain-fed beef production in the 
South Central region is an increase in feeder cattle and roughage-fed 
beef production. As livestock production increases it will tend to lo­
cate near the feed source. Areas with a comparative advantage in feed 
grain and soybean production might benefit most under a policy of in­
creased meat exports because of the large amounts of these feeds used 
in meat production. For Instance, pork production locates in the North 
Central region in part to lessen grain transportation costs. 
The same general pattern continues in the 50X solution. The North 
Central region begins to specialize in feeding grain-fed beef and pork 
with those 2 commodities increasing in production by 29.5 and 78.1 per­
cent, respectively, while roughage-fed beef, milk and feeder cattle 
production all decline. Feeder cattle production increases in all 
areas but the North Central and North West regions. Some milk, produc­
tion shifts from the North Central region to the North Atlantic because 
roughage production is replaced by corn and soybeans. Pork production 
continues to increase in the North Central region under the 50X solu-
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tlon but some production moves into the South Central region as produc­
tion capacities are reached. 
Ration content is presented in Table 22, Generally, roughage con­
sumption is at or near the maximum feeding restriction for each live­
stock type. Roughage yields generally respond better to nitrogen and 
water applications. In particular, as meat exports increase, the si­
lage and/or pasture content of the ration increases for all roughage 
consuming livestock categories. Also, com consumption drops consider­
ably for the production of feeder cattle in the 25X and 5OX solutions 
but com consumption increases for the production of pork and grain-fed 
beef because of increased meat export demands. However, it's interest­
ing to note that to a large extent rations do not change in any great 
manner as meat exports increase. This indicates that the basic corn, 
soybean, silage and hay rations fed in this model are least cost over a 
wide range of livestock production and crop prices and also explains 
why this is a favored ration under most economic conditions in today's 
livestock industry. 
Crop Impacts 
As mat exports are increased, feed grain and soybean exports are 
decreased to reflect the decreased foreign demand for feed. Because 
the model decides on the least cost ration mix to feed the greater pro­
duction of meat and because a much larger quantity of roughage is re­
quired to feed a larger beef breeding herd, crop shadow prices increase 
from the BASE solution (Table 23). The increase is moderate under the 
Table 22. Feed consumption: dry matter percentage of each feed in ration as meat exports increase 
Feed 
Beef , grain-fed Beef, roughage-fed Feeders Dairy Hogs 
BASE 25X 50X BASE 25X 50X BASE 25X 50X BASE 25X 50X BASE 25X 50X 
Corn 21.5 21.8 20.4 0 0 0 10.4 10.2 3.5 20.2 20.4 20.3 80.0 81.5 80.3 
Sorghum 2.4 4.5 5.2 0 0 0 0 0 0 5.7 4.1 4.7 1.7 0 1.4 
Oats .8 0 .1 0 0 0 0 0 0 1.0 1.1 1.2 0 0 0 
Barley 2.3 .8 .7 0 0 0 0 0 0 1.1 1.2 1.3 0 0 0 
Wheat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Legume hay 34.8 36.2 35.0 36.0 23.0 16.8 79.5 79.4 75.2 32.0 28.4 20.3 0 0 0 
Nonlegume hay 4.0 3.6 2.8 1.8 0 0 1.1 1.3 1.2 1.6 .6 .2 0 0 0 
Silage 14.5 14.1 16.7 0 0 0 .7 1.0 10.9 16.9 18,5 11.0 0 0 0 
Soybeans 19.7 18.8 18.9 10.6 10.1 10.0 .1 0 0 8.5 9.5 10.1 18.3 18.4 18.3 
Pasture 0 0 0 51.2 67.4 73.2 8.2 8.0 9.1 13.0 16.3 30.9 0 0 0 
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Table 23. Crop shadow prices and production as meat exports increase* 
Shadow prices Production 
Crop BASE 25X 50X BASE 25X 50X 
(dollars 
per unit) 
(percent change 
from BASE) 
(millions 
of units) 
(percent change 
from BASE) 
Barley 1.58 +19.6 +112 516.9 -10.1 -15.1 
Corn 1.64 +16.5 +97.6 7,069.2 +4.2 -1.5 
Oats 1.17 +27.4 +92.3 365.3 -10.2 -6.9 
Sorghum 1.61 +25.0 +119 631.9 -16.7 -17.3 
Soybeans 4.27 +19.0 +120 4,356.2 +1.2 +2.5 
Wheat 2.95 +24.4 +140 2,870.5 +.1 +.2 
Cotton 195.42 +10.4 +58.5 11.3 0 0 
Hay 49.01 +17.2 +107 200.2 +16.5 +28.8 
Silage 11.51 +19.4 +124 50.8 +15.9 +144 
^Cotton units are bales, hay and silage units are tons and all 
other units are bushels. 
25X solution but much greater under the 50X solution. The crop produc­
tion data in Table 23 indicate that large increases in roughage produc­
tion are probably the major cause of the crop price escalation. Land 
rents are one cost in crop production. As roughage feed demands in­
crease, the derived demand for land will also, which increases land 
rents and crop shadow prices. But, generally, crop farmers would be 
expected to benefit from a policy of increased meat exports since 
higher crop shadow prices would cause more intensity of farming prac­
tices—increasing yields per acre by adding more inputs which would be 
relatively cheaper than more expensive land. 
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Regional crop production changes also occur as meat exports in­
crease (Table 24). In the 25X solution, com production declines in 
all regions except the North Central and Great Plains. Soybean produc­
tion also moves into the North Central and Great Plains. These two re­
gions have productive and yield responsive soils, thus the reason for 
the concentration of these two valuable feed crops. To offset the in­
creased production of corn and soybeans in these two regions, wheat and 
sorghum production moves out. Hay production increases in all regions 
but the North Central and silage production increases in all regions 
but the South Atlantic and Great Plains. These general patterns con­
tinue in the 50X solution. Corn and soybeans continue to move into the 
North Central and Great Plains regions and wheat continues to move out 
of the Great Plains. Also, large increases in hay and silage produc­
tion occur in the western states because of their yield responsiveness 
to water and nitrogen applications. 
Employment impacts 
The employment impacts of increasing meat exports are presented in 
Table 25. These employment figures are derived from an updated input-
output model originally constructed by Schluter (1971). Schluter's 
model was updated by projecting direct, on and off farm, regional labor 
requirements to the year 2000. These projections coupled with 
Schluter's interregional, interdependence coefficients and the gross 
income figures generated from the linear programming model provide em-
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Table 24. Regional crop production as meat exports Increase 
North South North Great South North South 
Atlantic Atlantic Central Plains Central West West 
(percent change from BASE) 
25X 
Barley 0 0 +2.0 -42.0 +81.8 +81.8 -5.8 
Corn -3.5 -97.8 +5.0 +35.4 -33.2 0 -17.9 
Oats +7.9 0 -17.2 +50.0 0 -100 -78.5 
Sorghum 0 +7.4 -92.6 -21.6 +125 0 
[1.0]a 
Soybeans -10.1 +5.2 +.4 +5.1 -23.1 0 0 
Wheat +9.6 —4.6 -5.8 -6.7 +9.5 -21.8 
[35.0] 
Cotton 0 
00 
0 0 -1.8 0 
I.l] 
Hay +32.1 +8.5 -1.8 +17.9 +28.2 +3.3 +79.3 
Silage +14.8 0 +19.0 0 +33.3 +8.8 +159 
50X 
Barley 0 0 +10.4 -68.3 +418 0 +6.8 
Com -10.5 -100 +1.6 +49.3 -50.1 0 -99.4 
Oats +1.3 0 -2.4 -100 0 -100 -47.0 
Sorghum 0 +7.4 -92.6 -46.4 +304 0 
[64.4] 
Soybeans —6.6 +5.6 +3.4 +6.4 -26.7 0 0 
Wheat +22.7 +1.3 -10.0 +30.0 +15.3 -21.2 
[81.9] 
Cotton 0 -5.3 0 0 -56.1 0 
[3.5] 
Hay +57.1 +7.5 -12.4 +30.6 +54 -5.4 +216 
Silage -12.3 -58.6 +134 +1,320 +15,433 +50 +213 
^Brackets are used to present production figures when produc­
tion was zero in the BASE. 
ployment data for the agricultural sector. Six on farm sectors and one 
off farm sector are presented In Table 25. As an example of how the 
employment figures should be Interpreted, the livestock sector figure 
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of 2,976.5 for the BASE solution represents the lOOO's of workers em­
ployed in livestock production and the other six sectors from the gross 
Income generated in livestock production for the BASE solution. 
Employment in the agricultural sector increases considerably as 
meat exports increase. Interestingly, the crop production sectors gain 
more employment than does the livestock sector even though we are re­
ducing feed crop exports and increasing meat exports. The feed grains 
and food grains sectors have the largest employment increase as meat 
exports are increased. The feed grain sector has higher employment due 
to larger feed demands while the food grain sector has higher employ­
ment due to regional shifts in wheat production and sharply higher 
shadow prices. 
Table 25. National employment impacts as meat exports increase 
Solution 
BASE 25X 50X 
(1000's of workers) (percent change from BASE) 
Livestock 2,976.5 +23.4 +84.8 
Feed grains 599.1 +30.0 +111.0 
Food grains 288.5 +20.0 +108.0 
Forage 368.5 +28.5 +173.0 
Soybeans 340.5 +18.6 +123.0 
Other crops 1,858.6 + 7.8 +31.8 
Processing, supply 
and service 288.2 +25.8 +92.4 
TOTAL 6,719.9 +19.6 +80.6 
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These employment figures include employment in the agricultural 
output processing, input supply and service industries. Also, the 
input-output coefficients used to estimate agricultural sector employ­
ment reflect the number of workers employed per million dollars of 
gross income generated by the on-farm agricultural sector. Since gross 
on-farm income increases substantially in both the 25X and 50X scenar­
ios, the employment impacts are also substantial. As meat and roughage 
production increase and as all on-farm sectors experience an income in­
crease, input purchases would also increase, thereby increasing employ­
ment. However, the level of increase in employment would seem higher 
than what might be expected given past trends in agricultural employ­
ment. 
Increased Roughage-fed Beef Production 
Producing a leaner quality of beef has been suggested as a cure-
all for the beef industry. First of all, it is claimed that consumers 
prefer leaner meat because of concerns over health issues such as heart 
disease and cancer. Secondly, it is claimed that lean beef can be pro­
duced with less cost and thus at a lower price than grain fattened 
beef. At least one large beef retailer has had excellent sales of lean 
beef (Odle, 1983). 
One method suggested to produce a leaner carcass is to feed more 
roughage and less concentrates in the ration. That is the method ana­
lyzed in this section. Thus, the question answered is: what is the 
impact on U.S. agriculture of a large change in feeding practices from 
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concentrates (feed grains and soybeans) to the feeding of roughages. 
One solution is run where roughage-fed beef production is doubled from 
its level in the BASE. This solution is referred to as lOOR and its 
demand levels are listed in Table 14. 
If more roughage were fed as a substitute for concentrates then 
the model results indicate that dryland use would increase 1.4 percent 
and irrigated land use would increase 4.6 percent (Table 26). The in­
crease in total land use is 1.6 percent over the BASE. This Increased 
demand for land causes land rents to rise by 11 percent over the BASE 
solution (Table 26). It's important to realize that this increase is 
caused by a higher demand for roughage crops which alters land use pat­
terns from their least cost mix in the BASE. These increased land 
rents are then incorporated into higher crop shadow prices. The final 
Table 26. Cropland use and rents as roughage-fed beef demands 
increase 
Solution 
Land BASE lOOR 
(million acres) 
Dry 239. 5 344. 0 
Irrigated 26. 0 27. 2 
Total 355. 5 361. 2 
(percent change from BASE) 
Dry +1. 4 
Irrigated +4. 6 
Total — +1. 6 
(dollars per acre) 
Rents 49. 0 54. 80 
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commodity to feel the impact of higher land rents are livestock which 
started the process by demanding larger quantities of roughage to 
satisfy a larger demand for roughage-fed beef. 
Farm income impacts are an important consideration when analyzing 
this policy. Gross farm income is presented in Table 27. Income does 
increase for the livestock sector but only slightly. Income for the 
Table 27. Gross farm income as roughage-fed beef demands increase 
Solution 
BASE lOOR 
(billion dollars) 
Livestock 
beef, grain-fed 23.7 13.5 
beef, roughage-fed 7.4 17.8 
beef, total 31.1 31.3 
pork 7.0 7.1 
milk 9.5 9.6 
feeder cattle 18.6 18.2 
feeder pigs 0 0 
Total 97.3 97.5 
Crops 
feed grains 13.9 14.2 
soybeans 18.6 19.4 
wheat 8.5 9.0 
cotton 2.2 2.3 
hay 9.8 11.1 
silage .6 .6 
Total 53.6 56.6 
TOTAL 150.9 154.1 
(percent change from BASE) 
Livestock — +.2 
Crops — +5.6 
TOTAL — +2.1 
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crop sector increases more than for livestock and total farm income in­
creases 2.1 percent. Roughage-fed beef and hay producers would be the 
greatest income gainers for obvious reasons. Increased demand for 
roughage-fed beef increases its price. Also, at the same time, hay de­
mand increases substantially to feed the larger roughage-fed beef pro­
duction. Net farm Income declines one-half of one percent from the 
BASE because production costs increase 3.2 percent. 
Livestock impacts 
This section discusses some of the more important results pertain­
ing to livestock farming. 
Shadow prices for livestock products increase slightly under this 
policy (Table 28). As roughage-fed beef demands increase greater prof­
its accrue to current producers including the marginal producers whose 
costs of production just equaled the price they received. As rising de-
Table 28. Livestock shadow prices as roughage-fed beef demands 
increase 
Solution 
BASE lOOR 
(dollars 
per cwt) 
(percent change 
from BASE) 
Beef, grain-fed 51.88 -1.2 
Beef, roughage-fed 51.91 +1.8 
Beef, total 51.89 +.5 
Pork 25.26 +1.7 
Milk 7.11 +1.0 
Feeders 82.38 +2.2 
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mand increases roughage-fed beef prices, a new set of less efficient 
producers begin production. Thus, the results from this model indicate 
that roughage-fed beef prices might increase slightly. Grain-fed beef 
prices decline as demand decreases. 
Feed costs per 100 pounds of livestock production are presented in 
Table 29. Feed costs Increase moderately for the lOOR solution over the 
BASE. An exception is grain-fed beef which has lower feed costs because 
the demand for grain-fed beef has declined due to a substitution of 
roughage-fed for grain-fed beef. A more cost efficient group of farmer 
are producing grain-fed beef, thus costs are reduced also explaining the 
slightly lower shadow price for grain-fed beef. A word of caution 
should be Included concerning roughage-fed beef feed costs. These costs 
are lower than actuality because a large amount of roughage-fed beef is 
Table 29. Feed costs per 100 pounds of production as roughage-fed 
beef demands increase 
BASE 
Solution 
lOOR 
(dollars) 
Beef, grain-fed 6.63 6.37 
Beef, roughage-fed 2.42 7.26 
Pork 12.04 12.47 
Milk 3.01 3.15 
Feeder cattle 42.21 45.03 
(as percent of total cost) 
Beef, grain-fed 13 12.4 
Beef, roughage-fed 4.7 13.7 
Pork 48 48.5 
Milk 42 43.9 
Feeder cattle 51 53.5 
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produced as a joint-product from production of milk and feeder cattle. 
Many of the feed costs for roughage-fed beef are Included in the feed 
costs for production of milk and feeder cattle and are therefore under­
estimated. 
Regional livestock production suggests some interesting adjust­
ments (Table 30). The Great Plains region probably experiences the 
greatest changes. Under the BASE solution, the Great Plains has an 
absolute advantage in roughage-fed beef and feeder cattle production. 
Under the lOOR solution it specializes in roughage-fed beef production 
Table 30. Regional livestock production as roughage-fed beef demands 
increase 
Beef, Beef, 
Region grain-fed roughage-fed Milk Pork Feeders 
BASE 
(millions hundredweight) 
North Atlantic 0 4.4 280.8 0 .9 
South Atlantic 0 11.0 202.4 0 12.0 
North Central 213.6 23.5 340.2 275.4 55.0 
Great Plains 126.4 55.4 292.1 2.1 81.3 
South Central 40.5 24.3 7.2 0 51.1 
North West 0 11.5 52.4 0 23.4 
South West 76.8 12.2 165.7 0 2.4 
lOOR 
(percent change from BASE) 
North Atlantic 0 0 0 0 0 
South Atlantic 0 +154.4 0 0 +59.1 
North Central -67.2 +116.0 0 0 +13.5 
Great Plains -37.5 +264.4 0 0 -26.8 
South Central +27.5 -12.4 0 0 -12.5 
North West 0 +14.6 0 0 +15.3 
South West -37.9 +37.0 0 0 +16.7 
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which increases 264 percent, while grain-fed beef and feeder cattle 
production decline 37.5 and 26.8 percent, respectively. Even with the 
decrease in grain-fed beef production, the Great Plains gains an abso­
lute advantage in the production of this commodity. 
Those regions that are most efficient at producing roughage gain 
in the production of roughage-fed beef. Grain-fed beef production in­
creases in the South Central region under the lOOR solution even as 
national production declines. The availability of low cost commercial 
feedlots specializing in grain-fed beef is the major attraction of the 
South Central region along with irrigation boosted feed crop yields. 
Feeder cattle production facilities move out of the Great Plains 
and into neighboring regions. The increased production of roughage-fed 
beef requires large quantities of roughage and feeder cattle. Feeder 
cattle moving out of the Great Plains suggests that transporting feeder 
cattle is less costly than transporting roughage. 
Ration changes occur between the BASE and lOOR solutions (Table 
31). Most of the changes that occur are within, not between, the 
roughage and feed grain categories. For example, grain-fed beef 
rations shift in feed grain content from corn to sorghum mainly because 
of more grain-fed beef production in sorghum producing regions. 
Roughage-fed beef rations shift from pasture to harvested legume hay. 
Feeder cattle, dairy and hog rations all change only slightly. 
Table 31. Feed consumption: dry matter percentage of each feed in the ration as 
roughage-fed beef demands increase 
Beef, Beef, 
grain fed roughage fed Feeders Dairy Hogs 
Feed BASE lOOR BASE lOOR BASE lOOR BASE lOOR BASE lOOR 
Com 21.5 17.1 0 0 10.4 10.3 20.2 18.5 80.0 80.0 
Sourghum 2.4 7.6 0 0 0 0 5.7 5.6 1.7 1.7 
Oats .8 .9 0 0 0 0 1.0 1.0 0 0 
Barley 2.3 4.3 0 0 0 0 1.1 1.1 0 0 
Wheat 0 0 0 0 0 0 0 0 0 0 
Legume hay 34.8 35.8 36.0 70.2 79.5 79.1 32.0 29.5 0 0 
Nonlegiune hay 4.0 6.2 1.8 2.3 1.1 1.4 1.6 1.5 0 0 
Silage 14.5 11.2 0 0 .7 1.1 16.9 21.9 0 0 
Soybeans 19.7 16.9 10.6 10.2 .1 0 8.5 9.3 18.3 18.3 
Pasture 0 0 51.2 17.3 8.2 8.2 13.0 11.5 0 0 
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Crop Impacts 
The Impact on crop prices is minimal. The greatest price in­
creases occur for barley and wheat (Table 32). Both of these crops are 
pushed off onto less productive lands in favor of roughage crops. As 
yields decline costs per bushel increase, thus the reason for higher 
shadow prices. For example, wheat shadow prices increased 6.1 percent 
and wheat acreage increased 2.6 percent, while national wheat demand 
remained constant. 
Hay acreage planted increases 8.8 percent for the lOOR solution, 
but production increases 9.4 percent, thus hay production is shifting 
to more productive land and also using greater quantities of water. 
This decreases per ton production costs and explains the moderate hay 
shadow price increase even as hay demand increases significantly. 
Total acres planted increase 1.6 percent from the BASE under this 
policy (Table 32). However, adjustments occur in the mix of row crops 
and roughages. As demand for roughage increases, row crops such as 
feed grains are replaced by roughage. For example, planted hay acreage 
increases 8.8 percent while corn plantings decline 3.7 percent. This 
has implications for soil loss. A policy of this sort would be expect­
ed to improve soil conservation since the increased demand for 
roughage-fed beef causes a change in the cropping mix towards more soil 
saving roughage crops. 
As more roughage is required as a feedstock relative to feed 
grains and soybeans, regional crop production changes also occur (Table 
Table 32. Crop shadow prices, production and acreage as roughage-fed beef demands increase® 
Shadow prices Production Acreage 
Crop BASE lOOR BASE lOOR BASE lOOR 
(dollars 
per unit) 
(percent change 
from BASE) 
(millions 
of units) 
(percent change 
from BASE) 
(million 
acres) 
(percent change 
from BASE) 
Barley 1.58 +6.3 516.9 -.2 9.1 -.2 
Com 1.64 +4.3 7,069.2 -2.6 61.9 -3.7 
Oats 1.17 +3.4 365.3 -1.5 5.6 -3.6 
Sorghum 1.61 +5.6 631.9 +4.8 8.6 +6.2 
Soybeans 4.27 +3.7 4,356.2 +.3 122.2 0 
Wheat 2.95 +6.1 2,870.5 0 71.9 +2.6 
Cotton 195.42 +2.7 11.3 0 8.9 -.2 
Hay 49.01 +3.4 200.2 +9.4 64.1 +8.8 
Silage 11.51 +2.8 50.8 +2.8 3.3 +4.6 
Total • I !• II» 355.5 +1.6 
^Units are bales for cotton, tons for silage and hay and bushels for all other crops. 
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33). The South Atlantic has a climate conducive to hay production. As 
roughage-fed beef demands Increase nationally both roughage-fed beef 
and feeder cattle production Increase greatly In the South Atlantic be­
cause of Inexpensive roughage supplies. This also occurs In the North­
west. In general, regions with relative advantages In hay and roughage 
production gain production of rougahge consuming livestock moreso than 
other regions. 
Both corn and soybean production decline in the North Central re­
gion as grain-fed beef production declines considerably. Com produc­
tion increases 7.3 percent in the Great Plains and this region becomes 
the largest grain-fed beef producer. 
Table 33. Regional crop production as roughage-fed beef demands 
increase 
North 
Atlantic 
South 
Atlantic 
North 
Central 
Great 
Plains 
South 
Central 
North 
West 
South 
West 
(percent change from BASE) 
Barley 0 0 0 -1.4 +83.1 0 0 
Corn -8.3 -14.7 -.8 +7.3 -33.2 0 +3.7 
Oats +5.4 0 -1.2 0 -8.8 +1.0 +4.6 
Sorghum 0 +7.2 +137.9 -6.3 -5.3 0 0 
Soybeans -13.4 +.4 -1.0 0 +50.3 0 0 
Wheat 4- 00 
[52.5]* 
-11.7 +4.6 +9.7 -9.2 -2.2 +3.9 
Cotton 0 +4.6 0 0 -4.5 0 0 
Hay +24.0 +47.3 -3.7 -9.1 +21.4 +18.6 +12.0 
Silage -10.5 +25.8 -1.0 0 +47.6 +49.3 -45.9 
^Brackets are used to present production figures when produc­
tion was zero in the BASE. 
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Employment Impacts 
Employment in agriculture would increase 4.6 percent if roughage-
fed beef production would replace some grain-fed beef production 
(Table 34). The livestock sector would have the smallest employment 
Increase — just three-tenths of one percent. Forage sector employment 
Increases the most as roughage production Increases to feed the larger 
production of roughage-fed beef. 
The two previous policies analyzed Increased exports of meat and 
Increased production of roughage-fed beef. Currently, beef Imports 
are greater than exports. For instance, in 1980 703 thousand metric 
tons of beef were imported while only 60 thousand metric tons were ex­
ported (USDA, 1981). Most of the Imported beef is of the lean, 
roughage-fed variety. As an example, almost 75 percent of imported beef 
Table 34. National employment impacts as roughage-fed beef demands 
Increased Beef Imports 
increase 
Solution 
BASE lOOR 
(1,000*8 of workers) (billion dollars) 
Livestock 
Feed grains 
Food grains 
Forage 
Soybeans 
Other crops 
Processing, supply 
2,976.5 
599.1 
288.5 
368.5 
340.5 
+.3 
+2.8 
+5.4 
+13.5 
+4.2 
+11.5 1,858.6 
and service 288.2 -3.6 
TOTAL 6,719.9 +4.6 
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in 1980 came from Australia and New Zealand where beef is raised on the 
range with very little grain. Much of this imported beef is processed 
into hamburger for fast food restaurants. If a policy is considered 
that advocates freer trade in meat, especially beef, and also greater 
production of roughage-fed beef then the possibility of increased im­
ports of roughage-fed beef should also be explored. That is the pur­
pose of this analysis. 
In the IGOR solution, previously analyzed, the impacts of doubling 
roughage-fed beef production on agriculture were studied. For this 
analysis, the impacts of doubling roughage-fed beef imports when 
roughage-fed beef production is at the same level as in the IGOR 
solution is studied (Table 14). This solution is referred to as IGGM 
and will be compared to the IGOR solution for policy impacts. 
As roughage-fed beef imports increase, less beef production is re­
quired domestically to meet the fixed demands. Thus, less land is 
needed to produce feed (Table 35). Land use declines a total of 23.5 
percent from the IGOR solution. This amounts to nearly 9 million acres 
of cropland freed from production. 
Regionally, the Northwest and Southwest idle the most dryland—16 
and 24 percent respectively. The Great Plains idles the greatest 
amount of irrigated land at 9.2 percent. The Northwest is a marginal 
producer of feed grains and roughage-fed beef. As roughage-fed beef 
production declines, the Northwest loses production to more cost effi­
cient regions. The Great Plains is a marginal producer of feed grains. 
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As land in other regions is freed up because of lower roughage-fed beef 
production, Great Plains feedgraln production declines. 
As would be expected, land rents decline as land use declines 
(Table 35). The decline is a full 19 percent from the lOOR solution. 
Table 35. Cropland use and rents as roughage-fed beef imports 
Increase 
Land 
Solution 
lOOR lOOM 
Dry 
Irrigated 
Total 
Dry 
Irrigated 
Total 
Rents 
(million acres) 
334.0 
27.2 
361.2 
326.0 
26.3 
352.3 
(percent change from lOOR) 
-2.4 
-3.3 
-2.5 
(dollars per acre) 
54.80 44.18 
Farm income Impacts are again an Important consideration. Table 
36 lists gross farm Income for agriculture. Decreased domestic produc­
tion of roughage-fed beef and the resulting loss of Intermediate de­
mands for feeder cattle leads a 10.6 percent decline in income for 
the livestock sector. The crop sector Income level also declines but 
by a slightly smaller amount than for livestock. The Income level of 
hay producers declines the most substantially because of lower feed de­
mands. Overall, total gross farm income declines by 10.3 percent. AL-
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lowing greater levels of roughage-fed beef Imports would substantially 
lower gross farm income. But lower feed demands decrease feed costs 
and lower roughage-fed beef demands force the higher cost producers out 
of business, also decreasing costs. However, production costs fall by 
only 8.3 percent. Thus, net income declines 12.3 percent from its 
level in lOOR. 
Table 36. Gross farm Income as roughage-fed beef imports increase 
Solution 
lOOR lOOM 
(billion dollars) 
Livestock 
beef, grain-fed 13.5 13.1 
beef, roughage-fed 17.8 14.3 
beef, total 31.3 27.4 
pork 7.1 6.9 
milk 9.6 9.4 
feeder cattle 18.2 16.0 
feeder pigs 0 0 
Total 97.5 87.1 
Crops 
feed grains 14.2 12.9 
soybeans 19.4 17.9 
wheat 9.0 8.1 
cotton 2.3 2.2 
hay 11.1 9.4 
silage .6 .6 
Total 154.1 138.2 
TOTAL 150.9 154.1 
(percent change from lOOR) 
Livestock — -10.6 
Crops — -9.7 
total — -10.3 
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Livestock Impacts 
As roughage-fed beef production declines due to Increased Imports 
the shadow prices for all livestock commodities decline (Table 37). 
Since feed demands decline, the demand for land and, thus, land rents 
decline. As feed costs decline in response to this, livestock shadow 
prices also decline since the shadow price reflects all costs of pro­
duction Including feed (Table 38). For roughage-fed beef, there is the 
additional downward pressure on prices from decreased demand. As de­
mand declines, the least efficient roughage-fed beef farmers cease pro­
duction. This added influence lowers roughage-fed beef prices more 
than for any other livestock commodity. 
Feed costs, as mentioned above, decline for all livestock commodi­
ties (Table 38). Also, as a percent of total costs of production feed 
costs decline for most livestock commodities. This is a reflection of 
the fact that feed costs are the major variable cost item in livestock 
production. So, as feed costs decline, their share of total costs 
also decline. 
Regional livestock production changes also occur under this policy 
(Table 39). Grain-fed beef shifts out of the Great Plains and South 
Central region back into the North Central region. As a result, the 
North Central region again becomes the largest regional producer of 
grain-fed beef. On the other hand, roughage-fed beef production de­
clines more in this region than in any other. The North Central region 
with its comparative advantage in corn production will substitute corn 
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Table 37. Livestock shadow prices as roughage-fed beef imports 
increase 
Solution 
lOOR lOOM 
(percent change 
(dollars per cwt) from lOOR) 
Beef, grain-fed 51.28 -3.1 
Beef, roughage-fed 52.85 -3.9 
Beef, total 52.16 -3.6 
Pork 25.69 -3.3 
Milk 7.18 -2.2 
Feeders 84.20 -3.6 
Table 38. Feed costs per 100 pounds 
roughage-fed beef imports 
of liveweight production as 
increase 
Solution 
lOOR lOOM 
(dollars) 
Beef, grain-fed 6.37 6.11 
Beef, roughage-fed 7.26 7.00 
Beef, total 6.87 6.57 
Pork 12.47 11.63 
Milk 3.15 2.99 
Feeder cattle 45.03 41.60 
(as percent of total cost) 
Beef, grain-fed 12.4 12.3 
Beef, roughage-fed 13.7 13.8 
Beef, total 13.2 13.1 
Pork 48.5 46.8 
Milk 43.9 42.6 
Feeder cattle 53.5 51.2 
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Table 39. Regional livestock production as roughage-fed beef 
imports increase 
Beef, Beef, 
grain- roughage-
Region fed fed Milk Pork Feeders 
lOOR 
(million hundredweight) 
North Atlantic 0 4.4 280.8 0 .9 
South Atlantic 0 28.0 202.4 0 18.9 
North Central 70.1 50.7 340.2 275.4 62.4 
Great Plains 77.7 201.7 292.1 2.1 59.5 
South Central 68.0 21.3 7.2 0 44.7 
North West 0 13.2 52.4 0 27.0 
South West 47.7 16.8 165.7 0 2.8 
lOOM 
(percent change from lOOR) 
North Atlantic 0 0 0 0 0 
South Atlantic 0 -41.4 0 0 -22.8 
North Central +18.4 -47.2 0 0 -11.0 
Great Plains -6.3 -8.0 0 0 -6.9 
South Central -11.9 +.5 0 0 +.5 
North West 0 -15.0 0 0 -15.6 
South West 0 -3.7 0 0 -20.1 
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for roughage production if roughage-fed beef imports were allowed to 
increase. 
Milk and pork production are not affected by this policy. Feeder 
cattle production declines in most regions in response to increased 
beef imports. The South Central region is an exception. Because of 
comparative advantages in irrigated hay production this region actually 
increases roughage-fed beef and feeder cattle production. 
Rations change little as beef imports are increased (Table 40). 
The most significant changes occur for grain-fed beef. Because of the 
shift of grain-fed beef back into the North Central region, larger 
quantities of silage and soybeans are fed. 
Crop impacts 
Decreased demand for roughage-fed beef translates into lower feed 
demands, lower land use and, therefore, lower crop shadow prices 
(Table 41). Production declines for all crops except silage and bar­
ley (Table 41). Hay production decreases most, 8.6 percent, in re­
sponse to lower feed demands. 
Fairly significant regional production adjustments occur as rough­
age-fed beef imports are increased (Table 42). The Atlantic regions 
Table 40. Feed consumption: dry matter percentage of each feed in ration as roughage-fed 
beef imports Increase 
Beef, Beef, 
grain-fed roughage-fed Feeders Dairy Hogs 
Feed lOOR lOOM lOOR lOOM lOOR lOOM lOOR lOOM lOOR lOOM 
Com 17.1 14.8 0 0 10.3 10.9 18.5 18.3 80.0 80.0 
Sorghum 7.6 6.4 0 0 0 0 5.6 5.4 1.7 1.7 
Oats .9 .9 0 0 0 0 1.0 1.3 0 0 
Barley 4.3 3.3 0 0 0 0 1.1 1.9 0 0 
Wheat 0 0 0 0 0 0 0 0 0 0 
Legume hay 35.8 34.4 70.2 74.5 79.1 78.4 29.5 30.6 0 0 
Nonlegume hay 6.2 1.9 2.3 2.6 1.4 1.9 1.5 1.6 0 0 
Silage 11.2 18.3 0 0 1.1 .6 21.9 20.6 0 0 
Soybeans 16.9 20.2 10.2 10.3 0 .2 9.3 8.9 18.3 18.3 
Pasture 0 0 17.3 12.6 8.2 8.0 11.5 11.5 0 0 
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increase corn and silage production. Cotton shifts from the South 
Atlantic to the South Central region. The North Central region loses 
production of all crops except wheat which increases by over 11 per­
cent. Both the North West and South West lose substantial amounts of 
production as crops move onto productive soils in more cost efficient 
regions. Finally, planted hay acreage decreases in all regions. 
Table 41. Crop shadow prices, production and acreage as roughage-fed 
beef imports increase^ 
Shadow prices Production Acreage 
Crop lOOR lOOM lOOR lOOM lOOR lOOM 
(dollars 
per 
unit) 
(percent 
change 
from 
lOOR) 
(millions 
of 
units) 
(percent 
change 
from 
lOOR) 
(million 
acres) 
(percent 
change 
from 
lOOR) 
Barley 1.68 -8.9 515.7 +.2 9.1 +.2 
Corn 1.71 -7.6 6,887.2 -1.8 59.5 -.5 
Oats 1.21 -2.5 360.0 —6.6 5.4 -7.4 
Sorghum 1.70 -8.2 661.9 -.7 9.2 -2.2 
Soybeans 4.43 -6.5 4,368.7 -.8 122.2 -1.6 
Wheat 3.13 -9.6 2,874.0 0 73.8 +.3 
Cotton 200.62 -4.8 11.3 0 8.9 +1.1 
Hay 50.66 -7.5 219.1 —8.6 69.7 -9.8 
Silage 11.83 -3.4 52.2 +1.0 3.4 +2.9 
Total — 361.2 -2.5 
^Units are bales for cotton, tons for silage and hay and bushels 
for all other crops. 
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Table 42. Regional crop production as roughage-fed beef demands 
increase® 
North 
Atlantic 
South 
Atlantic 
North 
Central 
Great 
Plains 
South 
Central 
North 
West 
South 
West 
(percent change from lOOR) 
Barley 0 0 0 +1.5 -47.1 0 0 
Corn +10.0 +17.3 -.5 -16.5 +32.7 0 -.5 
Oats -13.8 + °° 
[671* 
-5.4 +50.7 -7.8 -100.0 -.5 
Sorghum 0 +33.7 -43,6 +8.4 -1.5 0 0 
Soybeans +15.9 -4.6 -3.6 -.3 +12.3 0 0 
Wheat -100.0 +5.0 +11.4 +3.9 —8.4 —8.0 -8.1 
Cotton 0 -14.0 0 0 +12.8 0 0 
Hay -14.6 -21.1 -4.5 -. 6 -12.2 -27.9 -15.6 
Silage +7.7 +13.0 -5.1 0 -33.3 -38.7 0 
^Brackets are used to present production figures when produc­
tion was zero in the BASE, 
Employment impacts 
Employment in the agricultural sector declines 8.2 percent as beef 
imports are increased (Table 43). As roughage-fed beef producers go out 
of business along with feed crop producers, especially those producing 
roughage, fewer on-farm workers are required. Also, the offfarm proces­
sing, supply, and service sector decreases its labor force in response to 
lower domestic production of beef. 
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Table 43. National employment Impacts as roughage-fed beef Imports 
increase 
Solution 
lOOR lOOM 
(lOOO's of 
workers) 
(percent change 
from lOOR) 
Livestock 2986.8 -8.9 
Feed grains 615.9 -8.8 
Food grains 304.2 -10.7 
Forage 418.2 -14.0 
Soybeans 354.7 +1.5 
Other crops 2073.1 —6.0 
Processing, supply 
and service 277.7 -7.1 
TOTAL 7030.6 -8.2 
Changing Beef Marketing Weights 
Replacing concentrate feeds with roughage is one suggestion for 
producing leaner beef. Another suggestion is to market a lighter 
weight animal. As the typical beef animal reaches maturity, more fat 
is gained relative to muscle. If feeding is stopped sooner, then a 
lighter weight and leaner carcass could result. 
Currently the beef grading system encourages feeding to heavier 
weights since meat containing higher levels of fat receive premium 
grades and prices. If the grading system were changed and the incen­
tive to heavily marble beef was stopped then a lighter weight animal 
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might be produced. That Is the basic premise this policy scenario In­
vestigates. 
Two alternative solutions are used for the analysis. One feeds 
beef up to 950 pounds and Is abbreviated as 950W, while the second so­
lution feeds beef up to 1150 pounds and Is abbreviated as 11SOW. The 
950H alternative has the highest feed efficiency since It Is producing 
the leanest beef. However, this alternative would require a larger 
breeding herd because more feeder cattle are fed to offset the lower 
beef marketing weight. Thus, the eventual Impact on feed consumption 
and crop production Is uncertain. 
The 1150W alternative has the lowest feed efficiency since It 
places the greatest amount of fat on an animal, but It requires a smal­
ler breeding herd. So, feed consumption and crop production are also 
uncertain. 
Both the 950W and 1150W solutions are compared to the BASE, which 
feeds beef to 1050 pounds. 1050 pounds Is assumed to be the average 
weight at which beef animals are currently marketed. All demands are 
the same as the BASE (Table 14). 
The cost of producing and transporting crop and livestock 
commodities for the BASE, 950W and 1150W solutions is presented in 
Table 44. Total production costs Increase about 2 percent under 950W 
and decrease 
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Table 44. Costs of production as beef marketing weights change 
Solution 
Cost BASE 950 1150 
(billion dollars) 
Nonland 69.1 70.0 67.6 
Land 18.7 19.5 18.4 
Total 87.8 89.5 86.0 
(percent change from BASE) 
Nonland ——— +1.3 -2.2 
Land ——— +4.3 -1.6 
Total — +1.9 -2.1 
about 2 percent under 1150W. Land costs increase most for 950W, indi­
cating that the feed demands of the larger breeding herd more than off­
sets the lower feed requirements of lighter weight beef. A slight in­
crease in cost isn't, necessarily, a negative consequence since a large 
part of the cost increase is due to land cost increases or factors re­
lated to the land cost increase, caused by greater production of soil 
conserving roughage crops relative to soil erosive row crops. 
On the other hand gross farm income is highest for the 950W solu­
tion as presented in Table 45. Livestock income increases most for 
9SOW as compared to the BASE. The total increase in gross farm income 
is 3 percent for 950W, while for 1150W a decrease of nearly 4 percent 
occurs. The impact on net income is more pronounced. Net income for 
950W increases 4.6 percent from the BASE while it decreases 6.7 percent 
for 11SOW as compared to the BASE. 
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Table 45. Gross farm Income as beef marketing weights change 
Solution 
BASE 950W 1150» 
(billion dollars) 
Livestock 
Beef, grain-fed 23.7 24.9 22.3 
Beef, roughage-fed 7.4 7.7 7.0 
Beef, total 31.1 32.6 29.4 
Pork 7.0 7.1 7.0 
Milk 9.5 9.6 9.6 
Feeder cattle 18.6 19.3 16.6 
Feeder pigs 0 0 0 
Total 97.3 101.2 91.9 
Crops 
Feed grains 13.9 13.9 13.8 
Soybeans 18.6 18.9 18.7 
Wheat 8.5 8.6 8.4 
Cotton 2.2 2.2 2.2 
Hay 9.8 10.0 9.3 
Hay 9.8 10.0 9.3 
Silage .6 .6 .6 
Total 53.6 54.3 53.0 
TOTAL 150.9 155.5 144.9 
(percent change from BASE) 
Livestock —— +4.1 -5.5 
Crops +1.3 -1.1 
TOTAL +3.0 -3.9 
Livestock Impacts 
National average shadow prices generally increase for the 950W 
solution and decrease for the 1150W solution (Table 46). Even though 
feed costs per hundred pounds of beef produced are lower under 950*, 
the added production of feeder cattle Increases feed demands and thus 
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Table 46. Livestock shadow prices as beef marketing weights change 
Solution 
BASE 950W 1150W 
(dollars per 
hundred weight) 
(percent change from BASE) 
Beef, grain-fed 51.88 +4.9 -5.8 
Beef, roughage-fed 51.91 +4.1 —4.8 
Beef, total 51.89 +4.7 -5.6 
Pork 25.26 +. 6 0 
Milk 7.11 +. 6 +. 6 
Feeders 82.38 +1.6 -. 6 
total feed costs (Table 47). In addition, as more feeder cattle are 
fed, less efficient producers begin production which increases costs. 
Thus, higher shadow prices under 95CW are the result of higher total 
feed costs and the introduction of less efficient farmers into the beef 
production process. However, feed costs per hundred pounds of beef 
production are less under 950W than 1150W, 
Total feed consumption is presented in Table 48. The 950W solu­
tion feeds less feed grains and soybeans and slightly more roughage 
than the BASE, while the 1150W solution feeds slightly more feed grains 
and less roughage than the BASE. It could be surmised that under 950W 
not only would leaner beef be produced, but less soil erosion might 
occur since roughage production replaces feed grains. 
Changes in regional livestock production occur as beef marketing 
weights change (Table 49). The Great Plains loses the most production 
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Table 47. Feed costs per 100 pounds of liveweight production as beef 
marketing weights change 
Solution 
950W 1150W 
(dollars) 
Beef, grain-fed 6.19 7.94 
Beef, roughage-fed 2.42 4.06 
Beef, total 5.63 7.02 
Pork 12.19 12.01 
Milk 3.04 3.02 
Feeder cattle 43.68 41.4 
(as percent of total cost) 
Beef, grain-fed 11.4 16.3 
Beef, roughage-fed 4.5 8.2 
Beef, total 10.4 21.2 
Pork 48.0 52.3 
Milk 42.5 42.2 
Feeder cattle 52.2 50.5 
Table 48. Feed consumption as beef marketing weights change® 
Solution 
BASE 950W 1150W 
(millions of units) (percent change from BASE) 
Corn 2,770 +.5 -.9 
Sorghum 204 -9.3 +1.8 
Oats 66 0 -25.8 
Barley 76 -43.4 -2.6 
Wheat 0 0 0 
Hay 194 +1.0 —4.6 
Silage 49 -2.0 +2.0 
Soybeans 778 -.5 +5.5 
Pasture 87 -1.1 -1.1 
®Units are tons for hay, silage and pasture and bushels for all 
other crops. 
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Table 49. Regional livestock production as beef marketing weights 
change 
950W 
Region 
Beef, 
grain-
fed 
Beef, 
roughage-
fed Milk Pork Feeders 
(percent change from BASE) 
North Atlantic 0 0 0 0 0 
South Atlantic 0 -20.9 0 0 +63.0 
North Central +8.7 -10.9 0 0 +13.6 
Great Plains -32.9 -8.9 0 0 -24.5 
South Central -74.4 +17.8 0 0 +17.9 
North West 0 +2.2 0 0 +2.2 
South West +7.9 +1.1 0 
1150W 
0 +3.8 
(percent change from BASE) 
North Atlantic 0 0 0 0 0 
South Atlantic 0 -2.3 0 0 -13.0 
North Central +2.4 -20.2 0 0 -22.6 
Great Plains +6.1 +12.4 0 0 -7.9 
South Central -74.4 +17.8 0 0 -4.9 
North West 0 -2.2 0 0 -2.3 
South West +7.1 -4.0 0 0 -15.1 
under 950W. Grain-fed beef shifts into the South Atlantic, North 
Central and South West under 950W, while roughage-fed beef shifts west 
into the South Central, North West, and South West regions. Feeder 
cattle production increases in all regions but the Great Plains. 
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For the 11SOW solution, the South Central and North West lose the 
greatest amount of regional production, while the Great Plains gains 
the most. Feeder cattle production declines In all regions under 11SOW 
since fewer feeder cattle are required. Roughage-fed beef production 
declines in all regions except the Great Plains while grain-fed beef 
shift out of the South Central and into the South Atlantic, North 
Central, Great Plains and Southwest. 
Crop Impacts 
All crop prices increase under 9SOW as compared to the BASE (Table 
50). The price increases are caused by higher feed demands. As feed 
demands increase, crop production responds. With land supply fixed, 
greater applications of water and less efficient farmers beginning pro­
duction, the cost of crop production and thus shadow prices increase. 
Feed costs and thus the cost of producing livestock will also increase. 
Hay prices increase the most due to demands from a larger beef breeding 
herd. 
Crop prices for the 11SOW solution generally decline or remain 
constant in response to slightly lower feed demands which lowers feed 
costs and eventually livestock production costs and shadow prices 
(Table SO). Corn and hay production decline in response to lower 
feeder cattle production. 
Crop production also shifts between regions (Table SI). In the 
9S0W solution, hay production increases In all regions except the South 
Central. Silage production shifts into the South Central because of 
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Table 50. Crop shadow prices and production as beef marketing weights 
change* 
Solution 
Shadow prices Production 
Crop BASE 950W 1150W BASE 950W 1150W 
(dollars (percent change (millions (percent change 
per unit) from BASE) of units) from BASE) 
Barley 1.58 +1.3 0 516.9 -6.2 -.3 
Corn 1.6 +1.2 0 7,069.2 +.2 -.4 
Oats 1.17 +.9 +3.4 365.3 0 -4.5 
Sorghum 1.61 +. 6 -. 6 631.9 -3.0 +5.9 
Soybeans 4.27 +1.6 +.5 4,356.2 -.1 +1.0 
Wheat 2.95 +1.7 -.7 2,870.5 0 0 
Cotton 195.4 +.2 +.1 11.3 0 0 
Hay 49.01 +2.0 -.5 200.2 +.8 -5.0 
Silage 11.51 +.2 +.2 50.8 -2.4 +1.6 
&Units are bales for cotton, tons for silage and hay and 
bushels for all other crops. 
availability of irrigation to boost yields. Wheat shifts westward, 
pushed out of the South Atlantic, North Central and Great Plains re­
gions by higher valued hay production. 
In the 1150W solution, hay production declines in all regions ex­
cept the North West and South West (Table 51). Wheat shifts out of the 
Great Plains and South Central regions, replaced by feed grains, soy­
beans and silage. Sorghum production increases 5.9 percent nationally. 
It is used as feed for the heavier weight grain-fed beef. Regionally, 
Ill 
Table 51. Regional crop production as beef marketing weights change 
North South North Great South North South 
Atlantic Atlantic Central Plains Central West West 
(percent change from BASE) 
950W 
Barley 0 0 0 -25.9 +83.6 0 +3.6 
Com 0 -14.7 +1.3 -6.5 +1.7 0 +2.9 
Oats +.2 0 +3.1 0 0 0 -36.5 
Sorghum 0 0 -79.6 +3.7 -.9 0 0 
Soybeans 0 +2.8 0 0 -26.0 0 0 
Wheat 0 -20.8 -4.0 -5.9 +21.5 +6.2 +3.4 
Cotton 0 +3.6 0 0 -3.5 0 0 
Hay +3,6 +68.9 +3.4 +16.9 -20.2 +2.7 +1.7 
Silage -1.3 0 0 0 +33.3 +5.9 -30.4 
1150W 
Barley 0 0 0 0 +83.3 0 -8.2 
Corn 0 0 -.8 +4.9 -4.9 0 -2.6 
Oats 0 0 -1.1 +50.0 0 -100 -96.6 
Sorghum 0 +44.1 +39.2 +4.0 -2.1 0 0 
Soybeans 0 -1.2 +.9 0 +30.1 0 0 
Wheat 0 0 +7.0 -3.0 -3.0 +.8 +.7 
Cotton 0 -6.7 0 0 +6.5 0 0 
Hay -.3 -6.3 -10.8 -6.8 -1.4 +3.8 +10.1 
Silage 0 +.1 0 0 +64.3 -7.5 +20.0 
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sorghum production increases in 3 regions including a 44 percent in­
crease in the South Atlantic. 
Employment impacts 
Table 52 presents the employment impacts. The 9SOW solution gen­
erates a larger gross farm income for livestock and crop farmers and 
more agricultural employment as compared to the BASE, The livestock, 
feed grain, and processing, supply and service sectors have the largest 
increases in employment as more beef cattle are fed and processed under 
the 950H solution. 
The 1150W solution decreases employment by 3 percent from the 
BASE, All agricultural sectors have employment declines except soy­
beans. The soybean sector is the only sector with an increase in gross 
income thus explaining the increased level of employment. 
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Table 52. National employment Impacts as beef marketing weights 
change 
Solution 
BASE 950W 1150W 
(lOOO's of workers) (percent change from BASE) 
Livestock 2,976.5 +2.3 —4.8 
Feed grains 599.1 +5.0 -2.5 
Food grains 288.5 +.4 -1.8 
Forage 368.5 -.4 -6.1 
Soybeans 340.5 +1.1 +1.6 
Other crops 1,858.6 -.3 -.4 
Processing, supply 
and service 288.2 +2.7 -4.0 
TOTAL 6,719.9 +1.6 -3.0 
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CHAPTER V. SUMMARY AND CONCLUSIONS 
This study analyzes four policies dealing with concerns and per­
ceived problems in the livestock sector of the agricultural economy. 
The four issues examined are increased meat exports, increased use of 
roughage in beef production, greater beef imports and lower beef 
marketing weights. A national, interregional linear programming model 
is used in the analysis. The year of analysis is 2000. 
Increased Meat Exports 
Replacing raw product exports such as com and soybeans with a 
value added product such as meat increases the gross income of both 
livestock and crop farmers. Production costs also increase because 
less efficient livestock farmers begin production, greater feed demands 
allow less efficient crop farmers to begin production and, finally, 
more extensive and intensive use of a relatively fixed land base. But 
total gross farm income, which rises by 27 and 113 percent, respec­
tively, for the 25X and 50X solution as compared to the BASE, increases 
more than costs of production which rise 21 and 93 percent, respec­
tively, for the 25X and 50X solutions as compared to the BASE. There­
fore, net farm income increases by 36 percent for the 25X solution and 
by 140 percent for the 50X solution. 
Shadow pices for livestock commodities increase in response to 
larger meat export demands. The price increase is moderate, less than 
10 percent, for the 25X solution but approaches nearly 50 percent for 
the 50X solution as compared to the BASE. A combination of less cost 
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efficient livestock farmers entering the production process and higher 
feed costs are the major causal factors behind the shadow price rise. 
Crop farmers lose a large export market for their products but are 
more than compensated by larger domestically derived feed demands. Not 
only Is the loss of feed grain and soybean exports offset by greater 
domestic feed demands but production of roughage crops also Increases. 
Larger levels of crop production require more land. Thus, total land 
use Increases 3.5 and 4.4 percent, respectively, for the 25X and 50X 
solutions but irrigated land use Increases 25 and 32 percent, respec­
tively, for the 25X and 50X solutions as compared to the BASE. Land 
rents respond, increasing 10 percent for the 25X soluton and 582 per­
cent for the 50X solution. The combination of higher land costs and 
less cost efficient crop farmers entering the production process in­
creases crop shadow prices by generally less than 20 percent for the 
25X solution but by more than 100 percent for the 50X solution as com­
pared to the BASE. 
As livestock production is increased to meet export demands, 
regional comparative advantages assert themselves. Those regions with 
a comparative advantage in feed grain and soybean production, such as 
the North Central, feed large quantities of the same through grain-fed 
beef and hogs. With comparative advantages in roughage production, the 
Great Plains produces greater quantities of feeder cattle and the North 
Atlantic produces more milk. 
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As feed demands Increase, feed costs rise, becoming a larger and 
larger proportion of livestock production costs. Since all crop prices 
increase, relative feed prices remain fairly constant and thus the 
ration content remains fairly stable, although there is a shift to more 
roughage, especially silage, in the 50X solution. 
The rationale for exporting value added products, in part, is to 
boost domestic employment. Total agricultural sector employment in­
creases 16 percent when meat exports offset 25 percent of domestic corn 
exports and fully 81 percent when meat exports offset 50 percent of 
domestic com exports as compared to the BASE. 
These results indicate that greater meat production is a feasible 
alternative to feed grain and soybean exports if the trade barriers to 
exporting more meat can be overcome. For livestock farmers the bene­
fits generated from larger meat export demands include higher gross and 
net income and an expansion of the livestock production labor force. 
Crop farmers also benefit as increased feed demands more than offset 
lower crop exports. So crop farmers gross and net income also increase 
along with employment. In addition, crop farmers with marginal lands 
might benefit relatively more because of the Increased demand and value 
attached to forage crops. Thus, a region like the North Atlantic which 
has experienced a deterioration of its agricultural base over the years 
might receive significant relief from greater exports of meat. 
Finally, the greater production of forage to feed the larger beef herds 
would be expected to have positive impacts on soil conservation goals. 
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Increased Roughage-Fed Beef Production 
It has been suggested that leaner meats are becoming more pre­
ferred by consumers than fatty meats. This causes concern amongst beef 
producers since most beef Is finished on a ration that Insures at least 
a fair amount of fat deposition within the meat. The current beef 
grading system encourages this "marbling" process. 
One way to reduce the production of fat and also satisfy changing 
consumer preferences is to finish beef on a ration including greater 
amounts of roughage. 
Increasing roughage-fed beef production Increases gross farm in­
come approximately 2 percent but production costs Increase also, pri­
marily because land rents rise by 12 percent from the BASE. Thus, net 
farm income declines, but by less than 1 percent from the BASE. 
Livestock shadow prices Increase moderately under this policy. An 
exception is the price of grain-fed beef which declines due to lower 
demand levels analyzed under this policy scenario. As grain-fed beef 
demands are lowered and replaced by roughage-fed beef demands the most 
cost inefficient grain-fed beef farmers cease production and shadow 
prices decline. 
In the crop sector, roughage producers would benefit more than 
feed grain producers. Even though shadow prices rise for all crops, 
the nature of the rise will determine who benefits more. For roughage 
producers, demand Increases and costs decrease since production shifts 
onto more productive land. On the other hand, corn, barley, and oat 
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producers experience decreased demands and also rising costs since pro­
duction moves onto less productive soil. Also, since roughage produc­
tion is replacing feed grain production, a decrease in soil erosion 
could very possibly result. 
Regional production changes occur as roughage feed crop production 
Is Increased to feed the larger production of roughage-fed beef. Two 
regions benefit most. They are the South Atlantic and the Great 
Plains. The South Atlantic has a climate conducive to roughage produc­
tion and realizes a 154 percent increase in roughage-fed beef produc­
tion and a 59 percent increase in feeder cattle production as compared 
to the BASE. The Great Plains has a large marginal land base well 
suited to forage crop production and becomes the largest regional pro­
ducer of both grain-fed and roughage-fed beef under this policy. 
Employment in the agricultural sector increases 4.6 percent when 
roughage-fed beef production Is increased. 
Producing leaner beef by feeding greater quantities of roughage 
would provide some benefits to agriculture. Gross farm income in­
creases for all of agriculture but moreso for crop farmers than live­
stock farmers. Employment in the agricultural sector also Increases. 
Thus, replacing feed grains and soybeans with forage in beef rations is 
a feasible and potentially attractive means of adjusting to changing 
consumer meat preferences. However, the current beef grading system 
encourages marbling of beef which requires large quantities of feed 
grains and oil meals. 
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Increased Roughage-Fed Beef Imports 
This policy is designed to shed some light on the impacts of in­
creasing roughage-fed beef imports. Specifically, roughage-fed beef 
imports are doubled when roughage-fed beef production is at the level 
analyzed in the previous policy. 
Increasing beef imports decreases land needs by nine million acres 
due to lower feed demands. Regionally, the Northwest and Southwest de­
crease dryland use the most, by 16 and 24 percent, respectively, while 
the Great Plains decreases irrigated land use the most, 9.2 percent. 
These regions lose acreage because feed demand has decreased and be­
cause other regions can produce the feed at a lower cost. As less land 
is used, land rents fall by 19 percent. 
With roughage-fed beef demands declining and crop production de­
clining due to lower feed demands, gross farm income falls by 10.3 per­
cent. This is a major drop in farm income and the major domestic cost 
for allowing higher levels of imported beef into the country. Produc­
tion costs such as land and feed also decline but not as far as gross 
income and thus net income declines by 12.3 percent. 
Shadow prices for livestock drop in response to lower feed costs. 
Also, for roughage-fed beef and feeder cattle there is the added empha­
sis of lower demand which sidelines the higher cost roughage-fed beef 
producers. 
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Production of all crops except silage and barley declines. Silage 
use Increases In grain-fed beef rations and barley use Increases In 
dairy rations. Since roughage-fed beef consume large quantities of hay 
the larger level of roughage-fed beef Imports lowers planted hay acre­
age in all regions, most likely to the detriment of soil conservation 
goals. Finally, all crop shadow prices decline in response to lower 
feed demands and the Impact of such on model generated production costs 
such as land. 
Employment in the agricultural sector declines by 8 percent under 
this policy. 
Food prices to consumers would be expected to decline if a policy 
of this sort were implemented. This would be the major policy benefit. 
The cost of this policy Is that lowered farm prices for most agricul­
tural commodities would drive many farmers out of business. Also, the 
remaining farmers would have lower income levels. It may be decided 
that the potential benefits gained by lower food prices would not out­
weigh the costs of lower farm Income levels and Increased farm unem­
ployment levels. 
Changed Beef Marketing Weights 
Feeding greater quantities of roughage as a substitute for feed 
grains is one suggestion for producing leaner beef. Another suggestion 
is to market beef at a lower weight than is currently practiced since 
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more fat is gained relative to muscle at the higher weight levels. The 
weight at which beef are marketed is lowered from 1050 pounds to 950 
pounds. 
When the weight of beef animals is lowered to 950 pounds, the cost 
of producing all of the food commodities demanded increases by approxi­
mately 2 percent, primarily due to the requirements of maintaining a 
larger beef breeding herd. On the other hand, gross farm income in­
creases nearly 3 percent as crop shadow prices Increase in response to 
greater feed demands and livestock shadow prices increase in response 
to higher feed costs and less efficient beef and feeder cattle farmers 
beginning production. Most Importantly, net farm income increases by 
4.6 percent over the BASE. 
Feed costs per hundred pounds of beef production are lower as com­
pared to the BASE, reflecting improved feed efficiencies. Total feed 
consumption costs are greater however, mainly because of a larger b<?gf 
breeding herd. Feed consumption shifts from feed grains and soybeans 
to slightly more roughage. This should have favorable implications for 
soil erosion. 
Hay production increases more than any crop. Regionally, hay pro­
duction Increases in all but the South Central Elegion. Hay shadow 
prices increase more than for any other crop reflecting its increased 
importance as a feed. 
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Finally, agricultural sector employment Increases slightly, 1.6 
percent, in response to feeding and processing larger numbers of beef 
cattle. 
If beef producers were encouraged to market their animals at a 
lighter weight than is occurring currently, then feed efficiencies 
would Improve but, due to the requirements of a larger breeding herd, 
total feed demands and costs would increase. Higher commodity prices 
and farm income levels, while at the same time producing leaner beef, 
are the major advantages of this policy. Thus, feeding beef to lighter 
weights might be an effective method of satisfying consumer preferences 
while also Improving the economic well-being of the feed-livestock 
industry. 
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